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S U M M A R Y
The subject of this thesis is the contribution which changes in 
operating practices and procedures can make to achieving savings in 
the use of energy in certain areas of catering. The research has 
concentrated upon the preparation, cooking and serving of food and has 
been based upon a number of field studies carried out at locations 
chosen to be representational of each sector of the industry.
The previous work in this area is reviewed and catering 
processes examined. A research methodology based upon sampling has 
been developed and used to obtain information at the field study sites 
on energy flows, equipment utilisation and areas where energy might be 
saved. The findings of the field studies are presented and analysed 
in a number of ways in order to assess the savings potential.
Catering equipment has been found to be operated in an empty 
condition for overlong periods and to be generally underfilled. Apart 
from this the main areas of employee malpractice concerned doors left 
open and equipment operated without lids. Maintenance faults and gas 
flame maladjustment are also noted as areas where savings may be 
achieved.
The main conclusion is that about 20% of the energy input of the 
areas studied can be saved by relatively simple changes in operating 
practice, and without significant capital investment. The areas where 
the savings can be achieved are shown and the potential savings are 
calculated in detail.
Areas where further research effort might be beneficial were 
revealed in the study and are set down in the conclusions.
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CHAPTER 1 INTRODUCTION 
1 .1 Background to the Research
The research described in this thesis was carried out between 1982 
and 1983 by Arthur Whittaker under the supervision of Dr F . R. Lawson 
of the University of Surrey, whilst on a full-time one year second­
ment to that University.
The field work described in the case studies and on which much of the 
research and conclusions are based, formed part of a major research 
project financed by the Department of Energy. The full programme had 
as its aim a total audit of the usage of Energy in the whole UK Hotel
and Catering Industry. The case studies which comprise the field
studies of this research were designed to monitor in detail the 
energy use under actual operating conditions of a number of 
commercial and institutional catering operations.
The data obtained from the field studies has been analysed to 
determine not only the total energy usage in the kitchens studied, 
but also the detailed destinations of the energy used, with a view to 
determining particularly those losses which might be reduced by 
changes in both operating practices and employee behaviour.
1.2 Resourcing
The research could not have been conducted in such extensive detail
had it not formed part of a larger study - referred to as the 'Parent
Study' in the text hereafter.
The kitchens studied were metered by gas meters provided and 
installed by the Gas Council and Area Gas Boards, and also by 
electricity meters funded by the Department of Energy and installed 
by Private Contractor. Wherever possible each major energy using 
piece of equipment was metered, although in some cases physical 
constraints prevented this. The installation of meters in working 
kitchens proved to be a costly and time consuming process and much of 
the work could only be carried out at the weekends or in the 
evenings, increasing the expense considerably. Consequently, on cost
grounds alone it is unlikely that such extensive field studies will 
be carried out in the future.
1.3 Characteristics of the Catering Industry
The general characteristics of the UK Catering Industry are as follows;
1.3.1 Size
Britain has a high density large population and an increasing number 
of meals are taken away from home, which creates a substantial demand 
for catering services.
1.3.2 Dispersion
People do not normally travel long distances to purchase meals and 
catering outlets are of necessity located in areas convenient for the 
markets which they serve.
1.3.3 Segmentation
The range of catering requirements is wide and to some degree reflects 
socio-economic preferences. To enable comparisons to be made it is 
necessary to adopt some form of classification. For the purpose of 
this study catering outlets have been grouped by product type, which 
in turn affects the degree of food preparation involved. Examples of 
this kind of classification are: pub catering, employee catering and
traditional restaurants.
1.3.4 Documentation
Dispersion and segmentation, together with a large number of small 
outlets causes the Industry to be relatively badly documented. In the 
commercial sector many catering units are both small and privately 
owned. Some are licensed, some franchised, whilst others form part of 
chain or multiple operations. In the non-commercial sector catering 
services are often regarded as secondary to a main business purpose 
and are not separately recorded. All this causes difficulty when 
making an assessment of industry parameters.
— 6 —
1.3.5 The Changing Nature of the Industry
Customer habits and preferences are subject to change, as also are 
methods of food production and service. In order to achieve savings 
in space and time at the catering outlet, the production of food is 
increasingly undertaken centrally, in central kitchens and in food 
production factories, with subsequent reconstitution on the caterers 
premises. Other changes have resulted from advances in technology, 
rising labour costs, the growing availability of convenience foods and 
of importance to this study - rising energy prices.
1.4 The Overall Size and Structure of the Catering Industry
The main information sources are quoted below but these provide only 
an approximate and imperfect picture of the industry. The large scale 
surveys used in the production of governmental statistics have largely 
been concerned with the examination of particular sectors or aspects 
of the industry and have often used different criteria of assessment. 
In addition the industry is subject to continuous change and the 
statistics strictly relate only to the period in which they were 
recorded. The reduction in the number of commercial fish and chip 
shops and the growth in take-away outlets are examples of the marked 
structural changes which have taken place in the last decade.
1.5 Sectors
The field studies on which the research findings are based were 
carried out in selected units, each drawn from the sectors listed 
below.
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TABLE 1
MARKET SHARE BY SECTOR
Sector Market Share %
Hotels and Restaurants 29.3
Place of work (Employee Catering) 19.5
Pubs and Pub Restaurants 15.8
Cafes and Snack Bars 13.5
Take-away Outlets 12.1
Institutional/Non Commercial (Hospitals/Schools etc) 4.3
Store Restaurants 3.3
97.8
Source NEDO Report 1976 [1]
1 .6 The Size of the Commercial Sector
The aggregate size of the commercial sector and the large number of 
units contained within it are demonstrated by the following figures;
TABLE 2
NUMBER OF COMMERCIAL ESTABLISHMENTS
Type of Establishment Number
Restaurants, cafes, snack bars 15,735
Take-aways, fish and chip shops 25,552
Public Houses 55,607
Clubs 17,294
Catering Contractors 6,498
120,686
Source Business Monitor 1977 [2]
To these figures must be added the number of hotels providing meals
TABLE 3
NUMBER OF HOTELS
Type of Hotel Number
Small (4-25 rooms)
Large (26 or more rooms)
30,355
3,304
Small hotels provide meals mainly for residents.
Large hotels provide meals for residents and non-residents
Source Hotel and Catering EDC [3]
1.7 Size of the Non-Commercial Sector
The non-commercial sector of the Catering Industry covers a range of 
operations including employee, social and welfare catering. Many 
catering services are provided directly by the organisations involved 
but catering in this sector can also be 'contracted-out' to commercial 
caterers.
TABLE 4
NUMBER OF NON-COMMERCIAL ESTABLISHMENTS
Sector Number
Industrial Catering 
Schools
Higher Education
Hospitals
Homes
Armed Forces 
NAAFI
Penal Establishments
Source KOUDRA M. [4]
25.000 
36,348
1,134
2,910
10.000 
450 
338 
150
76,000
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1 .8 Research Rationale
When this research was commenced the parent study was well under way. 
Most of the field study sites had already been selected and metering 
equipment was being installed at several locations.
As soon as meter installation had been completed at the first site 
(case study A, see Appendix la) a pilot study was carried out in 
December 1982 to prove the practicability of the observational methods 
used. For details of the research methodology see Chapter 5. The 
pilot study was successful and a decision was taken to duplicate it at 
each of the other locations. The field studies were completed in the 
spring and summer of 1983.
To a large extent the field study observations were designed to 
supplement the information provided by the monitoring equipment. The 
energy usage per appliance was recorded by meters but there was a need 
to relate the energy consumption to food production and the utilisation 
of the equipment. A sampling technique was used to provide the 
necessary information which worked well, achieving a balance between 
the provision of information and the effort of the observer, and 
enabling multiple and changing operations to be continuously 
monitored.
As much additional information as possible was collected at each 
location, see Appendices la to 1m. This information was needed to set 
the results in context and to enable comparisons to be made.
1 .9 Research Objectives
The research has aimed to fulfil the following objectives;
to describe the background to energy use in catering, defining the 
industry, considering the recent history of energy use, examining 
catering processes and the equipment used in the storage, 
preparation, cooking and service of food.
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to examine and summarise previous studies in this field, using such 
studies as a basis for development, and for the purposes of 
comparison as appropriate.
to develop a methodology for the study of energy flows in a 
representative number of catering establishments.
- to present the findings of the field studies, summarising, 
classifying and developing the data obtained as necessary.
to calculate the percentage of total energy input which might be 
saved by the caterer through changes in operational procedures and 
equipment maintenance.
to draw overall conclusions on the energy used in catering and to 
indicate the areas where further study might be beneficial.
1.10 Constraining Factors
Constraining factors include;
- A gap between theory, laboratory work and practice. Catering 
energy calculations and laboratory experiments using catering 
equipment often cannot be directly related to the operating 
conditions found in the industry, where equipment may be badly 
maintained and inefficiently operated.
- The monitoring equipment installed in the kitchens provided 
extensive but not complete coverage. Some heavy duty pieces of 
equipment were not measured because it was physically impossible to 
attach a meter to them. In some cases estimates of energy usage 
had to be made, based upon data obtained on similar pieces of 
equipment elsewhere. In the case of refrigeration and dish 
washing, the equipment was excluded altogether. For an explanation 
see 3.2 and 3.6
In some cases it was possible to estimate energy use on unmonitored 
equipment by the subtraction of the measured load from the total 
energy used.
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- There is little history of energy recording in the Catering 
Industry. Only a small amount of information is available from 
academics, equipment manufacturers or caterers themselves.
- Catering is subject to continuous change. Not only does each 
catering operation change from day to day, as menus and quantities 
change, but the industry as a whole is changing. Drawing 
conclusions and making comparisons is not easy under changing 
conditions.
1.11 References
1 National Economic Development Office (1976)
Trends in Catering. Catering Industry Study Group Reports, 
NEDO, Millbank Tower, London.
2 Business Monitor (1977) SD 029 Catering and Allied Trades
3 Hotel and Catering EDC
4 Koudra M. (1972) Industrial and Welfare Services in Britain.
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CHAPTER 2 INITIAL INFORMATION - LITERATURE SURVEY
2.1 Introduction
The pattern of energy usage in the Catering Industry is not a widely 
researched field but information does exist and has provided a basis 
for this research.
Information was available from several sources. First of all the 
technique of using the source data references quoted at the end of 
research papers was used. This was most effective and produced the 
bulk of the usable information. Secondly, three books by Clew [1], 
Milson and Kirk [2], and Unklesbay and Unklesbay [3] all had relevant 
material and quoted sources. Some further information was produced by 
a colleague who was researching catering staff attitudes to energy 
usage and who obtained access to the Ministry of Defence Data Base, 
which contains information of use to the Army Catering Corps.
Finally, the library facilities of the Dorset Institute of Higher 
Education provided access to the E.S.A. Data Base, located in Italy 
but linked to two other European centres. The experience of using a 
Data Base is set out below in the hope that it may prove helpful to 
others working in this field.
2.2 First Data Base Search
The first search used the key search words:
Energy - linked to efficiency, utilisation, usage, conversion, 
thermal efficiency - in turn linked to catering, oven, 
fryer, hob* and cooker.
* The word hob was added by the librarian; it produced no references.
A total of 33 references were retrieved from the memory bank, of which 
14 referred to large scale commercial bakery ovens. Apparently, there 
has been extensive work in bakeries and the word 'oven' coupled with 
'energy' produces the references. Six items of direct relevance to 
this research were produced of which three were encountered for the 
first time.
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A disconcerting feature of the search was the fact that known basic 
source material did not appear. Allowing for the fact that any data 
base will not contain all the references, there was still an 
impression that the search wording could be improved.
2.3 Second Data Base Search
A new approach was taken. The titles of all the known references were 
analysed to determine the words used in the titles and their frequency 
of occurrence. The most frequently occurring words became the new key 
words.
Catering was linked to energy, save, saving, use, usage, utilisation, 
in turn linked to kitchen, cook, oven, range, steam, refridge.
All the links were explored and the approach was more successful. A 
total of 66 references were produced including 12 new references, 
mainly American. This time most of the known key references were also 
retrieved.
The technique of analysing known references and using their key words 
as a basis for search does work but it can be criticised on the 
grounds that unique references, perhaps using an unusual nomenclature 
will not be found. Short of casting wide nets over a number of data 
bases, a solution to this problem is difficult to envisage.
2.4 Previous Work in the Field
The first important work was by Singer et al [4] in 1976, who analysed 
the energy inputs of appliances and estimated the energy usage of the 
catering and domestic sector in the U.K. The statement was made that 
'Energy saving in the conventional kitchen involves little more than 
common sense, the will to plan and perhaps the discarding of a few 
prejudices'. The same conclusion is drawn as a result of this 
research.
Singer and Hunt [5] reported upon a Property Service Agency survey 
wherein cooking appliances were fitted with time recorders, enabling 
patterns of usage to be plotted. Energy inputs were not measured.
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merely the time the equipment was running. They reported a fact, 
confirmed by this research, that commercial catering equipment is left 
running empty for considerable periods of time.
Taylor [6] concentrated on the energy usage of equipment, producing 
figures of kWh per kg of cooked food. His interest lay in 
calculating the installed load requirement for an electric commercial 
kitchen. Collison and Wilson [?] produced highly specific data in 
their research into the energy consumed in cooking. Potatoes were 
baked in a variety of ovens and an analysis made of the destinations 
of the energy inputs. This research has been used as the basis for 
calculating savings of preheat energy. See 7.3.4.
In 1977 KENISTON [8] estimated that the catering industry could save 
£3.5 million by the use of energy conservation practices. A Property 
Services Agency investigation was cited, in which timers were placed 
on grillers, switching them off when not in use. The use of these 
simple devices produced savings of up to 9,800 kWh per annum per 
grill. The field study phase of this thesis confirmed the tendency of 
caterers to run grills continuously, irrespective of need.
In the United States the energy crisis spurred the Federal Energy 
Administration to produce a practical guide to energy conservation in 
food service [9]. An analysis of the problem was made and practical 
guide lines laid down for the operation of equipment and the 
institution of a cost saving programme. The report lists energy 
savings techniques but does not quantify the savings which might be 
expected from their use.
Again in the United States, Drew and Rhee [10] cooked meat by gas, 
electric and microwave energy. Energy savings were produced by 
microwave cooking, but increasing the food load lowered the energy 
input differential. A conclusion that microwave cooking is most 
efficient when small quantities of food are cooked was drawn. Magee 
[11] examined the heat transfer mechanism in conventional, convection, 
infra-red and microwave ovens. This material was helpful in the 
preparation of Chapter 3, which describes catering processes and 
energy usage.
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Brundrett and Poultney [12] examined the role of saucepan lids in 
saving energy. This research was most helpful in calculating the 
savings which operators can make by placing lids on equipment 
containing boiling and simmering liquids. Reference will be found to 
this work under 7.5.
More work on energy destinations was reported by Collison et al in 
1980 [13] and used as background information in the production of 
Chapter 7. Also in 1980 Milson and Kirk's book on the principles of 
design and operation of catering equipment [2] was published. This 
book provides information on gas flame design and efficiency, 
described under 7.7, as well as aiding understanding of the 
complexity of the cooking process.
Collison and Beer [14] produced additional information on microwave 
cooking which has been helpful in preparing 3.4.7.
In 1981 a colleague at Surrey, Miss B Cowling, subjected a standard 
food product to a variety of catering processes [15]. The results 
have been used in the savings calculations under 7.3.4. In 1982 an 
important source document was provided by Noble et al [16] who 
examined the utilisation of energy in commercial steam cookers. They 
found that, as expected, steam pressure cookers used less energy than 
atmospheric steamers, but not as much energy was saved as might have 
been expected if the reduction of cooking time alone was considered. 
Some reference to this has been made in Chapter 3 and under 7.4.2.
Chapter 4 of this thesis is based upon the trials carried out at the 
University of Surrey under the sponsorship of the Electricity Council 
and the Department of Energy [17]. Specific meals were produced on 
gas and electric fired equipment under controlled laboratory 
conditions. The optimum or base energy usage per meal figures produced 
provide a yardstick against which the field study findings may be 
measured.
The only book to be exclusively concerned with the usage of energy in 
catering was published in the United States in 1982, authors Unklesbay 
N and K [3]. The background to the subject is thoroughly examined but 
unfortunately there is little factual information. The factual
— 1 6 “
information which is quoted is largely obtainable from the other 
sources described in this section, many of them being British. The 
book is also marred by the use of Imperial Units throughout.
In 1983, an Ohio report [18] examined the energy use of microwave and 
convection ovens and this was useful in the context of Chapter 3. 
Similar research was carried out by Monks and Hill [19] who found that 
microwaves could save between 20% (electric oven) and 63% (gas oven) 
of the energy required for cooking potatoes.
2.5 Publications Subsequent to the Parent Research
The field studies described in Appendix la to 1m contributed to the 
report by the University of Surrey to the Department of Energy and 
other sponsors. The full report concerned the 'Energy Usage in the 
Catering Industry of Great Britain' [20]. The field studies carried 
out in connection with this research, and upon which the findings are 
based, are described in 'Energy Use in the Catering Industry - Case 
Studies' [21].
The Department of Energy has now published three guideline documents
for the industry, based upon the parent research project. These are
'Energy Saving in Catering' [22], 'Energy Saving in Hotels' [23] and
'Energy Saving in Catering' (brief notes) [24].
2.6 Energy Modification of Recipes
In 1980 Unklesbay N and K published the results of an investigation 
into the energy modification of recipes [25]. Substantial (36% to 
57%) reductions in energy input were recorded by modifying recipes and 
procedures. This is an important area for further research and is 
referred to in Chapter 8, Conclusions.
2.7 References
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CHAPTER 3 CATERING PROCESSES AND ENERGY USAGE
3.1 Introduction
Catering processes can be considered under a number of headings and 
these conveniently correspond to the sequence of production from food 
raw materials to saleable finished product.
The processes are:
Storage
Preparation
Cooking
Service
Wash-up
All these processes were observed during the field studies and all 
were monitored in some detail, with the exception of storage, 
preparation and wash-up. (See 3.2, 3.3 and 3.6 for explanation).
3.2 Storage
Some foodstuffs used in catering are held at ambient temperatures; a 
traditional dry goods store holding grocery products is an example. 
Energy usage is confined to lighting and space heating, both of which 
are often at a minimal level. The scope for energy saving is small 
and consequently ambient temperature storage was disregarded in the 
study.
More importantly, all caterers use refrigerated storage in their 
operations and catering refrigeration uses electricity which is a high 
cost energy source. Refrigeration is thus an area where savings might 
be achieved. Two systems, cook-freeze and cook-chill have 
refrigeration as their very basis, but neither system was encountered 
during the study. Refrigerated storage in the Catering Industry may 
be sub-divided into:
Normal refrigerated storage employing a temperature range of 
0-10°C. This type of storage is used for dairy products, 
pastry items, fruit and for the short term holding of meat and
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fish. All the units studied had this type of refrigeration and 
some had surprisingly large amounts.
Deep frozen storage using much lower temperatures {typically 
-20°C). Such storage is used for the long term storage of 
perishable foods. All the caterers studied had freezer cabinets, 
although none had blast-freeze facilities for the rapid freezing 
of their own products.
Specialist ice-making equipment was found at several of the 
units. Although not itself a storage process, refrigeration 
technology is used and caterers need such equipment for the 
service of cold beverages and for servery display purposes.
Several of the operations studied showed evidence of the piece-meal 
addition of refrigerators and freezers over a period. Apparently, the 
initial provision of cold storage had proved inadequate and capacity 
had been increased by the purchase of additional small units. These 
small scale additions had reached such a point in one unit (a 
Department Store) that the maintenance of all the equipment in working 
order had become a major problem for the Catering Manager.
Commercial catering equipment is larger than its domestic counterpart 
and is often fabricated in stainless steel. Without exception 
electricity was the energy source found during the case studies and 
this is a general conclusion for the industry as a whole, with the 
vapour compression system in general use.
The cost of operating catering equipment is largely fixed, after the 
initial purchase and siting decisions have been made. The factors 
which the catering operator cannot influence after the installation 
has been made are:
Costs incurred by ambient temperature variations, affected also 
by siting.
The shape of the refrigeration compartment which determines the 
ratio of the volumetric capacity to surface area. In practical 
terms a cube is the optimum shape for a refrigerator, (rejecting
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the sphere as an impractical shape).
The efficiency of the electrical and thermo-dynamic components.
The efficiency of seals.
The effectiveness of the insulation materials.
The match of refrigeration capacity to load. Overprovision of 
capacity being wasteful.
The accuracy of thermo-static control.
These constitute the major operating cost determinants. The factors 
under the control of catering staff are minor and include:
The frequency of door or lid opening.
The setting of thermo-stats.
The packing of the equipment so as to maintain air circulation.
No practical way was found to separate the two areas of cost listed
above and refrigerated storage was consequently disregarded. Caterers 
can save money on refrigeration, but the savings will be achieved 
largely at the design, construction and installation stages.
3.3 Preparation
The caterer uses a number of preparation processes such as peeling, 
chopping, mincing and mixing. The processes were manual in the past 
but are now largely mechanised using electrically powered equipment.
The energy usage in this area is small. For instance, a mixer with a 2
H.P. motor only uses about 1.5 K.Watts and will only be operated 
intermittently for short periods in most kitchens. As an area in 
which to make energy savings, preparation has also been discounted.
In table 9, under 6.6, preparation is shown to account for only 1.2% 
of total energy used.
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3.4 Cooking
This is the major energy destination in catering {apart from space 
heating). Cooking involves the application of heat to food in various 
ways, at a range of temperatures, using several heat transfer mediums 
and for varying periods. The processes used by the catering industry 
are as follows:
3.4.1 Boiling
In catering, liquids are boiled either to cook immersed food, to boil 
or simmer liquid foods (e.g. soups) or to provide hot water for 
cleaning or other purposes.
Liquids may be raised to boiling point by the direct application of 
heat to the wall of the boiling vessel, by the injection of steam into 
the liquid, or indirectly by surrounding the liquid with a pressurised 
or pressureless water jacket. Boilers may be gas, electrical or steam 
fired.
The efficiency of the boiling process is affected by:
The thermal mass of the equipment
The thermal mass of the liquid
Radiant and convected losses from the equipment
Overlong or unnecessary boiling
The provision of lids
Exhaust gas losses in the case of gas equipment
The design of the boiler which has an effect upon the 
production of efficient convection currents
The operator can control the pre-heat losses, by switching on the 
equipment only when it is required and by not overfilling the
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equipment. Running losses can be increased by overlong or unnecesary 
boiling, or by operating equipment without lids in place. Radiant and 
convected heat losses and other design losses are outside the control 
of the operator.
Savings in the boiling process which may be obtained by changes in 
operator practice are calculated in Chapter 7.
3.4.2 Frying
The caterer fries food either in deep fat or shallow fat containers, 
or may fry on a griddle plate using a thin film of fat or oil between 
the heated surface and the food. Frying is normally carried out at 
atmospheric pressure but pressurised fryers have been introduced 
recently into the fast food industry. Pressurised fryers were not 
encountered in the study. Most of the frying observed took place in 
deep fat and in purpose built equipment.
The main heat transfer mechanism in deep frying is natural convection 
of the hot frying medium. The variables of natural convection are:
heat flow rate 
immersion time 
temperature difference 
fluid density 
fluid viscosity 
fluid specific heat 
fluid thermal conductivity
The buoyancy of the fluid is induced by natural convection currents 
and is an important factor.
The caterer has little control over the internal processes of the 
fryer. Considering the variables we see that:
Heat flow rate is built into the equipment by the designer
Immersion time is self-limiting since food spoils rapidly if 
overcooked
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Temperature difference is determined by recipe instructions and
the characteristics of the food product
Fluid density, fluid viscosity, fluid specific heat and fluid 
thermal conductivity are inherent qualities of the frying oil 
and are unlikely to be considered by the caterer. The cost of 
oil, its flavour and life will be seen as more important 
characteristics
Compared with other catering processes, frying is potentially 
efficient. The equipment is often light duty (low thermal mass) and
cooking times are short due to the high temperatures employed and the 
efficiency of the fluid convection processes. In contrast to other 
cooking processes the caterer cannot overprolong the cooking period, 
since immediate spoilage results.
Against this must be set the pre-heat period which can often be as 
high as fifteen minutes to attain temperature stabilisation in deep 
fat frying, the time being prolonged by the high temperature employed 
and the thermal mass of the oil. A combination of intermittent demand 
and long pre-heat time also tempts the caterer to leave the equipment 
running empty on standby. Fryers are sometimes heavily rated and are 
frequently gas fired in consequence. Some losses also occur through 
open lids, radiation and exhaust gas venting.
The losses recorded during the field studies, which were under the 
control of the operator, concerned excessive pre-heat and running 
empty times, coupled with losses incurred by running without lids in 
place.
3.4.3 Grilling
The grilling process in catering is normally carried out by placing 
the food underneath a heated surface and at some distance from it.
The caterer calls this process 'salamandering' and the equipment used 
is called a 'salamander grill'. Radiant (and convected) heat can 
also be applied from below, as in the case of barbequeing and 
chargrilling. Sometimes radiant heat is applied simultaneously to 
both sides of the food as in bread toasting.
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There is some confusion in terminology. Many cooks refer to the 
placement of food on a hot surface as grilling, and the surface in 
this case usually has raised bars. Placing food on a flat heated 
surface is known as 'griddling'.
True grilling by radiant heat and griddling are thus different 
processes. Grilling (salamandering) employs radiant energy, whilst 
griddling relies mainly on the conduction of heat from a hot 
surf ace.
The transfer of heat by radiation involves the movement of energy from 
one surface at a higher temperature, to a second (food) surface at a 
lower temperature. The energy is transferred by electromagnetic waves 
and part of the radiation is visible. The numerical analysis of 
radiation heat transfer in catering equipment is more complicated than 
the analysis of conduction or convection. This is due to the fact 
that all the surfaces are involved in emitting, absorbing or 
reflecting radiant energy. Little is known about the emissivity and 
absorbitivities of foods but foods with a high water content are known 
to have high emissivities.
Radiation incident on the surface of a material can be either 
reflected, absorbed or transmitted. From Kirchoff's Law it is known 
that those materials with a high emissivity absorb a large proportion 
of this incident energy.
As the thermal radiation attempts to travel to the centre of the 
food, the energy in the wave is absorbed, the absorbed energy being 
converted to heat. Because of the absorbitivity of the food the 
incident wave cannot penetrate very far into the food and its energy 
is converted into heat just below the surface. This produces the 
intense surface heating and browning which we associate with 
grilling. The heat is then transferred to the rest of the food by 
conduction, which is by comparison a slow process. The geometry of the 
food and the cooking appliance is important, as heat transfer by 
thermal radiation can only take place when the surface of the food is 
fully exposed to the radiant source.
Grilling (salamandering) equipment has an appreciable pre-heat period
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which can be further increased by erroneous overestimations on the 
part of kitchen staff. Grilled food, by its nature, is often required 
at short notice. Normal practice is therefore to run grilling 
equipment continuously at maximum heat, often in an unloaded 
condition. The thermal efficiency of grilling equipment is likely to 
be low, especially in the case of gas fired equipment. The gas flame 
is impinged on a ceramic or metal surface to produce radiant heat, 
which is itself an inefficient conversion process. Furthermore, only 
a part of the radiant energy actually reaches the food. The equipment 
radiates heat in more than one direction and the food trays are rarely 
fully loaded, causing much of the energy to radiate into free space.
Radiant grilling equipment predominated in the field studies and is 
the only type considered. The main operator influenced waste is 
caused by running the equipment empty, with some underloading 
encountered. See Chapter 7 for savings calculations.
3.4.4 Oven Cooking
Ovens are used extensively by the caterer for roasting, baking, dough 
proving and reheating. They are available in naturally convected or 
forced convected form, with the forced convection produced by an 
electric fan. Forced convection ovens are known to caterers simply as 
’convection ovens'.
Heat transfer in an oven is largely by convection and the medium is 
hot air. Natural convection is produced by temperature differences 
within the oven, hot air rising and giving part of its heat to cooler 
air which it encounters. In forced convection ovens there is always a 
certain amount of natural convection, but the contribution of natural 
convection to the total heat transfer is so small that it may be 
ignored. Forced convection currents reduce or eliminate spatial 
temperature differences and increase the speed of heat transfer by 
disturbing the boundary layer at the surface of the food.
All ovens have some insulation, and insulation is a key determinant of 
oven thermal efficiency. In theory a well insulated electrical oven 
will approach the efficiency of a closed system. In practice 
efficiency can be reduced by lack of adequate insulation, which seems
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to be prevalent with gas fired equipment. In the kitchens studied 
there was a noticeable difference in the surface temperatures of the 
gas and electrical ovens. Apparently, electrical equipment 
manufacturers use increased insulation to compensate for the higher 
price of their energy source.
Gas fired ovens lose heat through their hot exhaust gases and all 
ovens lose heat when doors are opened for inspection and loading.
Glass fronted doors can substantially reduce inspection loss.
Ovens are increasingly sophisticated and mutli-purpose which is a 
desirable development, since oven cooking is an inherently efficient 
cooking method. Some modern ovens have provision for internal steam 
generation so that cooking takes place in a moist atmosphere, 
increasing the heat transfer rate, reducing weight loss and reducing 
the drying out of food. Surface browning is also reduced^which may or 
may not be desirable.
Kitchen staff operating ovens can waste energy by:
pre-heating for an excessive time 
“ running empty or partially loaded ovens
- cooking at too high a temperature
- opening doors unnecessarily
leaving doors open and with equipment running and 
unattended
Possible savings are again calculated in Chapter 7.
3.4.5 Steaming
Steaming ovens (steamers) are popular with caterers and were 
frequently encountered. Steamers are produced in atmospheric and high 
pressure versions. The atmospheric steamers have a slight positive 
pressure of about 0.5 psi, assuming good door seals, whilst pressure
steamers are designed to attain and hold pressures of about 15 psi.
Atmospheric steaming is used to cook vegetables, including potatoes 
and the process overcomes the leaching and food disintegration problems
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associated with boiling. Pressure steaming is an efective method of 
thawing, heating and cooking food. Cooking times are short and the 
food cannot be spoiled by burning.
According to Unklesbay N. and K. [1] the action of steam is governed 
by five basic principles;
1. The higher the pressure, the less heat of vapourisation is
released during contact (condensation) with the food.
2. The higher the pressure, the higher the steam temperature.
3. The higher the temperature and pressure, the higher the energy
contained in the steam.
4. The laminar layer or thin layer of vapour and steam that
surrounds food retards the heat transfer process.
5. Air reduces steam’s heat transfer coefficient.
Principles (2) and (3) are self-evident. Principle (4) 
apparently points to the need for forced steam movement by internal 
fan. Such steamers are available but were not encountered in the 
field studies.
High pressure steamers are more efficient than atmospheric steamers. 
Taylor [2] showed that the mean energy consumption factor (kWh per kg) 
was 0.43 for a pressure steamer compared with 0.61 for an atmospheric 
steamer. Marks and Hill [3] showed a 40% energy saving when cooking 
potatoes by pressure cooking compared with pan boiling. Noble et al
[4] showed that fully loaded pressure cookers used slightly less than 
half the energy of their atmospheric pressure counterparts.
Despite the speed and efficiency of pressure steamers, most of the 
steamers encountered in the field studies were of the atmospheric 
type.
Operators can adversely affect atmospheric steamer efficiency by:
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using excessive pre-heat time
running equipment empty or partially loaded
opening doors and leaving doors open unnecessarily
Leaking door, seals were also noted as a source of loss. Savings 
calculations are made in Chapter 7.
Pressure steamers are in effect operator proof. They are only 
switched on when loaded and with the door closed. A timer coupled to 
a buzzer reduces the possibility of overlong operation. This 
equipment can be underloaded, but the remedy is largely beyond the 
control of the operator, being determined by the menu and the quantity 
of food to be cooked.
3.4.6 Specialist Variants on Basic Processes
Some specialist processes involve the basic processes described above. 
These are:
Stewing - The slow cooking of food in a small quantity of water,
stock or sauce.
Roasting - Cooking by radiant heat with fat basting. Originally
the medieval spit roasting process, now carried out in 
an oven.
Pot Roasting Cooking on a bed of root vegetables in a covered
casserole or pan, using fat for basting.
Braising - A combination of roasting and stewing in a pan with a
tight fitting lid. The principle of the domestic slow 
cooker.
Baking - Cooking in an oven by dry radiant heat or in an oven
modified by steam, either from the food itself or more 
recently by steam injection.
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Proving - The rising of dough by the use of a special low
temperature oven, often with a steam injection facility.
Sauteing - Shallow fat frying in a pan or bratt pan in which the
food is tossed to ensure evenness of cooking.
Poaching - The cooking of foods slowly in small quantities of
water which is kept close to boiling point but is not 
allowed to boil. A variation of ’boiling’.
Low Temperature
Cooking - A recently introduced variation of roasting in which
meat and poultry are cooked for long periods at low 
temperatures, reducing fat loss and using enzyme 
activity as a means of tenderizing the food.
(Encountered in a Pub Restaurant Carvery during the 
study and called by its proprietary name ’Halo Heat'.)
3.4.7 Microwave Cooking
Microwave cooking stands apart from the traditional cooking processes 
described in the preceding sections, representing as it does a novel 
way of cooking food. The food is subjected to electromagnetic waves 
of high frequency which generate heat inside the food, by means of 
molecular agitation. Most of the kitchens studied had at least one 
microwave oven, although they were normally used to solve special 
problems, rather than as part of the primary cooking process.
Microwave cooking offers a considerable opportunity for energy saving. 
The process is efficient, not because losses are low, because they are 
both present and significant, but because the penetrative effect of 
the microwaves reduces cooking time considerably. In conventional 
cooking processes the surface of the food is heated and heat 
penetrates to the centre by conduction, a process which may take a 
considerable time. By comparison microwave penetration is 
instantaneous in thin foods and the microwave penetration/conduction 
process is much faster in thick foods. Savings as high as 75% 
compared with conventional oven cooking have been claimed by McConnell
[5]. Collison and Beer [6] found a conversion efficiency (microwave
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output energy - electrical input energy) of 43%. Whilst Marks and 
Hill [3] reported energy savings of 63% compared with a gas oven and 
20% compared with an electric oven. Cremer [7] reported savings of 
73% when cooking scrambled eggs and beef patties in a microwave oven, 
compared with a gas convection oven.
The speed and efficiency of microwave cookers is considerable, 
rendering them very attractive to the caterer. Commercial versions 
continue to be developed and a major problem (the inability of 
microwave ovens to accept metal containers) is being overcome by 
magnetron shielding. The use of microwaves will increase and will be 
one means by which rising energy costs are combatted in the future. 
Considerable potential apparently exists for combining microwaves with 
other processes, for example convection ovens, in order to reduce 
cooking times and energy consumption whilst preserving the traditional 
appearance of cooked fod.
3.5 Service
Even the fast food sector rarely manages to streamline the catering 
operation to the point where food is drawn from storage, prepared, 
cooked and served to the customer in a continuous manner and without 
the necessity for holding food hot at some stage of the process. The 
bulk of the catering industry uses batch rather than continuous 
production, which necessitates holding food hot, either at some 
interim part of the process or prior to service. Excluding lighting 
and space heating, it was found that most of the energy used in the 
service area was devoted to keeping food hot, with smaller amounts of 
energy used to keep food cool.
The hot holding of food is accomplished by means of hot cupboards, in 
effect low temperature large volume ovens or by the use of Bains-Marie 
or lamps. Food in Bains-Marie is placed in containers which are 
surrounded by hot water, steam, or a hot air flow. Plated food on 
display is often illuminated and kept hot by placing it under quartz 
lamps, which produce both visible light and infra-red radiation.
Food is kept cold during service by placing it in refrigerated display 
cabinets, or more rarely by displaying it on a bed of ice which has
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been produced by specialist ice-making equipment.
Energy usage in service is small in relation to cooking. However, 
service was a monitored area of the study and some scope for energy 
savings has been shown to exist in Chapter 7.
3.6 Wash-Up
This area can be sub-divided into:
- kitchen wash-up - pot and pan wash
servery and bar wash-up - glasses/containers
tableware wash-up - crockery/cutlery
In small operations the washing up process may be carried out by hand 
but it is more usual to employ electrically powered equipment to carry 
out the large volume of washing up encountered in commercial catering.
Although washing up represents an obvious energy destination, since 
large amounts of hot water are used and discarded, no practicable 
means of measuring water flows was available during the study.
Accurate energy measurement would have involved:
- measuring the volume and temperature of hot water
- measuring the electrical load of the drive and pump
motors
- measuring the throughput of items
Reluctantly it was decided to use estimates only in this area, based 
on work carried out and published by other workers in the field. It 
remains a fruitful area for further study.
Recently dishwashing has received attention as a possible source of
heat recovery, using heat pumps. Low temperature processes are also
under investigation, using chemicals rather than heat to sterilise the 
utensils.
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Apart from properly loading the equipment and ensuring that it is well
maintained, the caterer can do little to influence wash-up costs.
Savings are more likely to be achieved by equipment design and new
technology.
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CHAPTER 4 MEASUREMENT OF ENERGY USE; LABORATORY TESTS
4.1 Introduction
In 1982 a series of tests were conducted by colleagues at the 
University of Surrey [1] which aimed to produce data on the energy 
input involved in the production of a typical British meal of the 
kind produced by an Industrial Contract Caterer. Meals were produced 
on a range of gas and electric fired industrial catering equipment, 
enabling conclusions to be drawn as to the relative inputs of energy 
and efficiencies of the two energy sources.
The findings of this research were treated as source data for this 
research, since they provided a base figure for energy usage per meal. 
The laboratory tests took place under ideal conditions; the equipment 
was in good condition, it was not operated in an empty or lightly 
loaded state and the figures for equipment preheat were separately 
recorded. The energy per meal figures obtained provide the ideal 
standard against which the field study measurements may be compared. 
They have been used in Chapter 7 as a basis for the estimation of 
potential savings.
4.2 Laboratory Method
Cooking tests were carried out over four consecutive days using two 
different but typical menus on similar gas and electric fired 
equipment. The meals were prepared for a particular point in time for 
customer service. The appliances were filled to their maximum rated 
capacity (fullness) of equipment related directly to the optimum 
condition for energy efficiency.
Measurements of energy consumption were made after a designated 
pre-heat period had taken place, before the food was placed in or on 
the appliance for cooking, and after the food was removed.
Measurements were taken using Kilowatt hours (kwh) meters for the 
electrical appliances, and modified (higher resolution) domestic cubic 
foot (cu.ft.) meters in the case of the gas appliances.
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The menus were chosen on the basis of;
1. Discussions with an Industrial Contract Caterer to decide upon a 
typical British cooked meal.
2. The provision of a range of meals which would involve the use of 
all the available equipment. The equipment itself was chosen as 
being representative of equipment in general use in the Catering 
Industry.
3. A requirement that the food should be cooked from the raw state 
where possible.
The size of the equipment available led to the decision that 40 meals 
per test would be within the capacity of the equipment and would 
provide a high load factor.
The food was prepared to be ready at a certain point of time and the 
energy figures were determined on that basis, with no 'hot-holding' of 
food. Electrical equipment pre-heat times were on the basis of the 
time required to reach a pre-set temperature reading (when usually a 
thermostat light went out) or if there was no thermostat fitted, the 
time for pre-heating the equipment given in the manufacturer's 
literature was used. The pre-heating times for the gas equipment were 
determined from previous time and temperature tests carried out on the 
unloaded equipment.
4.3 Objectives
The objectives of the study were:
1. To develop data which would allow the total energy consumption of 
gas and electrical catering equipment to be compared.
2. To assess the relative energy efficiency of gas and electrical 
catering equipment.
3. To produce data on the amount of energy used in equipment 
pre-heat, and the amount of energy used in cooking.
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4.4 Conditions
The conditions under which the study took place can be considered to 
be ideal. The equipment represented the latest technology available 
to the caterer; the menus were prepared and cooked using detailed 
pre-planning; the equipment was pre-heated and operated for the 
minimum time and the food was not overcooked. In addition the 
equipment was loaded to optimum capacity - and loading has a signifi­
cant effect upon energy usage, as will be shown in Chapter 7.
These ideal conditions may be expected to involve minimum energy 
inputs and to produce maximum thermal efficiency. The figures 
obtained from the laboratory tests may be considered as ideal targets 
which the caterer is unlikely to approach in commercial situations.
4.5 Results obtained
The figures below include pre-heat energy. The average weight of food 
per meal was 1.58 kg (but see 4.7). The energy used on standby 
(waiting) is not included.
TABLE 5
ENERGY USED - ELECTRICAL EQUIPMENT
Menu/Test MJ/Meal MJ/kg
Menu 1 Test 1 1.86 1 .16
Menu 1 Test 2 1 .90 1.18
Menu 2 Test 1 1 .84 1 .19
Menu 2 Test 2 1.87 1 .21
Range (1.84-1.90) (1 .16-1.21)
Mean 1 .87 1 .19
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TABLE 6
ENERGY USED - GAS EQUIPMENT
Menu/Test MJ/Meal MJ/kg
Menu 1 Test 1 3.69 2.30
Menu 1 Test 2 4.03 2.50
Menu 2 Test 1 4.01 2.62
Menu 2 Test 2 4.22 2.71
Range (3.69-4.22) (2.30-2.71)
Mean 3.99 2.53
4.6 Comparisons - Gas and Electricity Inputs Per Meal Produced
Direct comparisons between gas and electricity energy inputs per meal 
are to some extent unfair. Gas is a primary fuel and much of the 
energy loss inherent in its consumption takes place at the appliance. 
This causes gas to compare unfavourably with electricity, since 
electricity conversion losses at the appliance are low. However, 
electrical energy losses have previously taken place in the power 
station and transmission lines, and even earlier at the mine or oil 
well if fossil fuels have been involved.
The energy input per meal was found to be 1.87 MJ/Meal for electrical 
equipment and 3.99 MJ/Meal in the case of gas equipment. A more 
relevant comparison for the caterer is the energy cost per meal. At 
1982 prices (electricity 1.4722 p/MJ and gas 0.3175 p/MJ) the relevant 
figures were:
gas fired equipment - 1.27 p/meal
electrical equipment - 2.75 p/meal
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Under the conditions of the test it apparently cost more than twice as 
much to cook a meal using electricity as it did using gas. However, 
this still represents too simplistic a view, since the appliances used 
for the electrical and gas tests were not completely comparable. For 
direct comparability each piece of equipment would have had to have 
had the same thermal mass, the same radiant area, the same cooking 
temperature and exactly the same conditions of use. Despite care in 
the selection and operation of the equipment, such precise 
comparability could not be achieved.
4.7 Weight of Food per Meal
The average weight of food per meal as determined by the caterer and 
the researchers averaged 1.58 kg raw material weight, but this figure 
included the liquid in which the food was cooked and food losses. An 
average served weight of 0.40 kg per meal has been assumed in the 
remainder of the study. Consequently, the energy per meal figures (MJ 
per meal) may be directly compared with the results contained in 
Chapter 6 but energy per kilogram (MJ per kg) should not.
4.8 General Conclusions
The results are related to tests in a controlled environment with 
careful pre-planning of the meal production. The caterer will record 
higher consumption figures because of operational difficulties and 
shortcomings, including excessive pre-heat times, equipment running 
whilst empty or partly loaded, over long cooking periods, wrong 
thermostat settings and so on. The 'real-life' figures obtained 
during the field studies also include the energy used in the 
preparation and hot storage of food, and so will be higher. An 
indication of the difference to be expected in moving from the 
laboratory to the commercial kitchen can be obtained by comparing the 
figure for gas used per meal in the test (3.99 MJ) with the figure 
obtained in small volume production in a public house which also used 
fresh ingredients (8.37 MJ). The electrical test figure (1.87 MJ/Meal! 
may be compared with an all electric employee canteen (4.99 MJ/Meal). 
On this evidence an approximate doubling of energy usage per meal when 
moving from the laboratory to industry might be expected. This 
doubling does not always occur, since the industry consumption figures
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themselves vary widely, with volume and equipment utilisation being 
major determinants.
The electrical range of equipment generally required less energy to 
preheat than the gas equipment. As a general rule, the electrical 
equipment had a lower thermal mass and was better insulated than its 
gas counterpart. The electrical equipment manufacturers had 
apparently compensated partly for the cost differential between 
electricity and gas by the use of better design features. This is 
illustrated below;
TABLE 7
PRE-HEAT ENERGY - ELECTRICAL EQUIPMENT
Menu/Test Pre-heat
MJ
Energy
Menu 1 Test 1 20.15
Menu 1 Test 2 23.87
Menu 2 Test 1 20.09
Menu 2 Test 2 22.03
Mean 21.54 MJ
.41
TABLE 8
PRE-HEAT ENERGY - GAS EQUIPMENT
Menu/Test Pre-heat Energy 
MJ
Menu 1 Test 1 40.62
Menu 1 Test 2 39.04
Menu 2 Test 1 40.62
Menu 2 Test 2 41.68
Mean 40.49 MJ
These figures reinforce the contention that gas equipment uses 
appreciably more energy in the pre-heat phase than the electrical 
equipment.
The higher insulation standards of the electrical equipment was an 
empirical observation based upon the external temperature of the 
equipment and the amount of radiant heat emitted.
4.9 References
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CHAPTER 5 RESEARCH METHODOLOGY
5.1 Introduction
When the writer joined the project team in December 1982, a number of 
irreversible decisions had already been taken which determined to some 
extent the direction which the research would take. However, it was 
still necessary to decide upon a detailed method of carrying out the 
field observations in order that the maximum amount of information 
could be obtained and the aims of the research satisfied.
5.2 Decisions Taken Prior to January 1983
The parent project had as its aim a complete audit of energy use in 
the Hotel and Catering Industry of Great Britain. A subsidiary aim was 
to monitor the energy use in a number of representative kitchens, with 
at least one being drawn from each major sector of the Catering 
Industry. To this end the support of the participating companies had 
been obtained and work put in hand to install gas and electricity 
meters on major pieces of energy-consuming equipment. Installing the 
meters proved to be time consuming, difficult and very expensive.
Often the gas fitters and electricians could only work in the evenings 
or at weekends because of the necessity of maintaining the operation 
of the kitchen during normal hours. The expense of metering gas flows 
is known only to the Gas Council and the participating Gas Boards, on 
whom the burden fell. This factor of expense makes it unlikely that a 
comparable research opportunity will ever occur again on such a scale. 
Metering the electrical apparatus was less costly, and the costs were 
borne by funds supplied by the Department of Energy. The procedure 
for metering three phase electrical equipment involved breaking into a 
supply cable and installing a current transformer and meter. Metering 
single phase equipment was simpler and merely involved placing a 
domestic meter in series with the supply.
5.3 Methods Used by Earlier Research Workers
The pioneering work in operational kitchens was carried out by the 
Property Services Agency in 1976 [1]. The P.S.A. installed recorders 
to show the operating times of selected pieces of equipment and
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consumption figures were calculated from equipment loads and operating 
times. This was a simple but not particularly informative procedure. 
Other valuable studies by Taylor [2] and Collison and Wilson [3] were 
laboratory based and therefore not truly representative of commercial 
catering practice. The previous work, although helpful, did not 
indicate the research method which was eventually developed.
5.4 Information Required
A method of observation had to be devised which would ideally provide 
the following information:
5.4.1 Cooking
1. The energy usage of each particular piece of cooking equipment.
2. The utilisation in capacity terms of the equipment, since 
utilisation is a major determinant of thermal efficiency.
3. The weight of food produced by the equipment.
4. The nature of the food being cooked.
5. The number of meals produced in the kitchen during the
observation period.
6. The pattern of energy usage for each item of equipment.
7. Operational malpractices which were energy wasteful.
5.4.2 Storage, Preparation, Service and Wash-up
1. The energy usage of pieces of equipment.
2. The utilisation.
3. Output.
4 Malpractices.
The bulk of the monitoring effort was directed towards cooking 
appliances because cooking is the major energy destination in 
catering. Data was also produced on Preparation and Storage, See 
Chapter 6.
Refrigerated storage is an area where operator practices have little 
impact, see the reasoning in 3.2. The measurement of energy flows in 
wash-up proved to be beyond the capacity of the study, see 3.6 for an 
explanation.
—  44 —
5.5 Site Selection
The sites were selected so as to be representative of the major 
sectors of the industry, as listed in 1.5. Field studies were carried 
out at the following sites and are described in detail in Appendices 
la to 1m:
Case Study A Large Industrial Canteen
B Large Fast Food Operation
C Medium Sized Employee Canteen
D Public House Restaurant
E Employee Canteen - Department Store
F Coffee Shop - Department Store
G Restaurant - Department Store
H Staff Canteen - Large Hotel
I High Class Restaurant - Large Hotel
J Student Refectory - University
K Public School Canteen
L Steak Bar Restaurant
M Large Hospital Catering Unit
The major sectors of the industry outlined in 1.5, together with the 
relevant Case Study or Studies, are shown below:
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Sector Case Study
Hotels and Restaurants H, G, L
Place of Work (Employee Catering) A, C, J
Pubs and Pub Restaurants D
Cafes and Snack Bars F
Take Away Outlets B
Institutional/Non-Commercial J, K, M
Store Restaurants G
The following sectors were not directly measured:
Homes - Outside the scope of the study
Armed Forces - Similar to Employee and Hospital Catering,
see Case Studies A,C,J,M
Penal Establishments - " It tt
Clubs - Similar to Public Houses and small
restaurants, see Case Studies D and L.
5.6 Observational Method Adopted
After a pilot study at an employee catering location (Case Study A),
it was decided to adopt the following procedure:
1. The operation would be observed from the start of preparation to
the finish of service.
2. Observations were to be taken in sequence. At each piece of
equipment the meter was read. If no meter was attached the 
information detailed under 3, 4 and 5 below was recorded.
3. At each location the percentage utilisation (fullness) of the
equipment was to be recorded as either 0, 25, 50, 75 or 100%
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full. It was felt that no more accurate classification could be 
made in fast changing operational situations.
4. The food item in the equipment was to be noted.
5. Any energy wasteful practices were to be recorded.
Where possible the main gas and electricity meters serving the kitchen
were read at the start of each observational round, enabling estimates 
to be made of the energy consumption of non-metered pieces of 
equipment by subtracting the measured load from the total load.
More precise and detailed observations can be taken under laboratory 
conditions but confronted with busy kitchens, the need to question the 
staff in order to know if changes had taken place since the last 
round, the difficulty of reading meters which were often located 
awkwardly behind hot working equipment and the need not to interfere 
with production, the foregoing was felt to be a realistic and 
practical procedure.
As illustration a typical record sheet used in the field studies is 
contained in Appendix 2.
5.7 Equipment Utilisation - Decision Criteria
During the study any equipment which was running and loaded was 
recorded as 25%, 50%, 75% and 100% full. Equipment was recorded as 
100% full if it satisfied the following criteria:
1. Bains-Marie - Kitchens - Heated area full with round
containers touching
2. Bains-Marie - Serveries - All containers full and in place
3. Boilers Direct Fired - Full to top 'tide mark'
4. Boiling Tables - All jets on, pans on all jets
- 47 -
5. Bratt Pans Either loaded to near the top in 
the case of liquids, or deep 
frying an estimated full load, 
or shallow frying with the 
heated surface completely 
covered
6. Fryers - Deep Fat - Baskets fully loaded
7. Hot Cupboards All shelf area (but not 
necessarily volumetric space) 
occupied
8. Kettles - Steam Jacketed - Filled to a determined top level
9. Ovens All shelves occupied but with 
gaps to allow air circulation
10. Ranges - Open Top - Tops - See 4
11. Ranges - Open Top - Ovens - See 9
12. Ranges - Solid Top - Tops All surface covered, albeit 
with round containers, leaving 
gaps
13. Ranges - Solid Top - Ovens - See 9
14. Salamanders All grill pan area occupied with 
food items
15. Steamers - High and Low 
Pressure - See 9.
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5.8 Analysis Sheets
The information contained on the record sheets was condensed and 
summarised for each location on Analysis Sheets, an example of which 
is shown in Appendix 3.
The analysis sheet was a convenient way of summarising the information 
to be provided for the parent study. In obtaining the detailed 
information needed for this research it was necessary to revert to the 
source data (Field Study Record Sheets), analysing the observations in 
several different ways in order to illuminate the findings and justify 
the conclusions.
5.9 Additional Information Collected
Reference to the Case Study examples (Appendices la to 1m) will show 
that other information was recorded for completeness, to set the 
research findings in context and also to satisfy the requirements of 
the Parent Research.
5.9.1 Food Production Information
A major objective was the assessment of the energy used per meal and 
per kilogram of food produced. Recording the number of meals produced 
normally proved to be simple, the information being available either 
from production sheets or from till rolls. Assessing the weight of 
food cooked in order to determine the energy per kilogramme value was 
more difficult, since it would have been impractical to weigh food 
entering and leaving equipment in a busy kitchen. The difficulty was 
overcome by taking a notional figure for the weight of food in an 
average meal. The figure was initially arrived at by calculation 
using recipes as a basis and assuming process losses. It was checked 
by weighing a sample of meals during the Pilot Study and finally was 
checked by comparison with other published figures. The weight 
assumed was 0.40 Kilogramme of food per meal served; that is after 
cooking losses have taken place. Of course, the caterer will be more 
concerned with the energy input and hence the energy cost per meal, 
since meals and not weight provide the basis for his cost 
calculations.
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5.9.2 Background and Technical Information
At each location the following information was recorded:
1. The nature of the operation.
2. Dates.
3. The physical size of the operation - area and volume of rooms.
4. The total installed capacity classified as - storage
- preparation
- cooking 
service
- dishwashing
- utilities
5. Staffing - number and grades of employees.
6. Meal classification - e.g. fresh, fast food, etc.
7. The quantities of meals produced, with weight of food produced.
8. Hours of operation.
9. Maintenance - how carried out, by whom, standard.
10. Finance - awareness of energy costs, who paid the bills?
11. Special characteristics - factors unique to the operation being
studied.
12. Equipment: see below.
5.9.3 Equipment Information
It is obviously possible to classify equipment by fuel or energy 
source, to name it and to measure its physical capacity. The 
manufacturers' assessment of energy rating was less easy to obtain.
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Details of currently available equipment were obtained from sales 
literature. Most manufacturers rivet a data plate to the equipment on 
which the rating information is given, either in Btu's or Kilowatts 
but reading many of these plates was by no means easy, because over 
the years they had been subjected to abrasive cleaning and the plates 
were often worn smooth. The difficulty was increased since the plates 
were often located at the rear of the equipment or at floor level, or 
in some other awkward position. By trial and error, and with some 
frustration, it was found that if a plate existed it could almost 
always be deciphered if it was illuminated by a powerful torch and 
read by a high power (x4) magnifying glass, when even slight 
indentations in the metal would show. Some equipment was both 
obsolete and unmarked. Details had then to be estimated, and this has 
been noted where it occurred by bracketing () the figures given (see 
Appendices la to 1m).
5.10 Data Logging
The case studies contain graphs showing the patterns of energy usage 
for particular pieces of gas-fired equipment. As part of its 
contribution to the parent research, the Gas Council installed data 
recorders on each piece of metered gas equipment, the meters being
specially adapted for the purpose. The data recorders ran
continuously and a recording pen produced a blip on a moving paper 
tape when a pre-set amount of gas had been used. Counting the blips 
enabled the gas consumption (cu.ft.) to be calculated and reference to 
the time scale enabled a pattern of usage to be produced. The graphs 
shown in the case studies were prepared by a colleague, Miss B. Cowling, 
They are attached for completeness and for their intrinsic interest to 
other workers in this field. (See examples in Appendices 1a to 1m).
5.11 Use of Sampling Formula
In effect, each round of meter reading and recording provided a number 
of samples. The percentage occurrence of each state or practice could 
be calculated from the data obtained, and the limit of accuracy of 
each percentage occurrence assessed.
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The 95% confidence formula was used * to assess the results 
The formula:
L = + 2 P(IOO-P)
N
can be transposed to;
4P(100-P)N = l2
Where P = the percentage occurrence of an activity
L = the limit of accuracy P in + %
N = the total number of observations.
Although the sample size (N) was not large, it was felt that an 
indication of the accuracy of the percentages listed under results in 
Chapter 6 would be beneficial.
* The use of formula giving higher confidence limits would have
increased the sample size requirements disproportionately. The 95% 
confidence formula offered a compromise between accuracy and 
practicality.
5.12 Summary
The main observational technique used during the field study phase 
involved sampling. Observations were made at intervals recording food 
type, energy consumption, equipment utilisation and wasteful 
practices. The meals produced during the sampling period were also 
recorded. In addition, other data relating to the operation and its 
equipment was collected separately.
The results were initially analysed to provide information for the 
sponsors of the Parent Research. For the purpose of this research the 
data was re-analysed later in more detail in order to achieve the 
research objectives.
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CHAPTER 6 MEASUREMENTS OF ENERGY USE - FIELD STUDY FINDINGS
6.1 Introduction
Reference has been made in Chapter 2 to the findings of previous 
workers in this field. In Chapter 4 the results of measurement tests 
carried out at the University of Surrey are detailed. This Chapter 
sets out the findings of the Field Study monitoring exercises, the 
results of which provide the basis for the savings calculations made 
in Chapter 7.
6.2 Premises Studied
The following premises were monitored in detail:
Case Study Type of Operation
A Large Employee Canteen
B Large Fast Food Operation
C Medium Sized Employee Canteen
D Public House Restaurant
E Employee Canteen - Department Store
F Coffee Shop " "
G Restaurant " "
H Staff Canteen - Large Hotel
I High Class Restaurant - Large Hotel
J Student Refectory - University
M Large Hospital Catering Unit
Two further operations were monitored in less detail by colleagues and 
direct observational methods were not used, although some of the data 
has been used to supplement and amplify the findings of the fully 
monitored field studies. However, no information as to operational 
energy wastage, equipment utilisation or employee malpractice was 
provided by them. The case studies in question are:
Case Study K - Public School Canteen
Case Study L - Steak Bar Restaurant
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6.3 Findings - Overall Pattern of Energy Use
Figures for the energy usage per meal by location are given in 
Appendix 4. Perhaps the most striking feature of these results is the 
variation of energy inputs per meal. The lowest and highest figures 
are;
Case Study Energy per Meal
______MJ_______
G 2.17
I 44.94
These figures may be compared with the study weighted average of 6.57 
MJ/Meal.
The spread of results obtained shows that the potential for saving 
energy and the need to save energy is not uniform throughout the 
Catering Industry if the representational nature of the case studies 
is accepted.
The study average figure is derived from the fact that 37,716 MJ *
were used to produce 5743 meals, giving an average value of 6.57 MJ
per meal. These are figures for preparation, cooking and serving. The 
energy used for storage, hot water and lighting has been removed from 
the figures as far as possible.
It is known from previous work that caterers use significantly more 
energy per meal produced than housewives and Electricity Council 
figures [1] for home meal production are:
3.6 MJ per meal 
or 1.8 MJ per meal if used efficiently 
or 0.9 MJ per hour if convenience foods are used
The widely quoted figures [2] that caterers use 4.5 to 6.5 times the
energy per meal that a housewife would use is not therefore disproved. 
An exact comparison cannot be made because of the difficulties of 
definition, inclusion of ancillary sources of energy such as hot water 
and complications arising from the use of convenience foods.
* see over - 55 -
* The total figure used in Chapter 7 is 35,318 MJ, which relates to 
the equipment under consideration. Some preparation and service 
equipment is not considered which accounts for the lower figure.
6.4 'Energy Usage per Meal' - Extreme Values
The lowest values encountered in the study were found in Case Study G 
with a value of 2.17 MJ/meal. Case Study G is a Department Store 
Restaurant and the low figure was the result of the use of convenience 
foods, the use of small capacity low rated equipment, a high equipment 
utilisation factor and steady meal throughput.
The highest figure encountered was 44.94 MJ/meal. It was found in a 
high class a la Carte Restaurant in a top class London hotel. At this 
location heavy duty equipment was run continuously in order to provide 
instantly available heat for very expensive 'cooked to order' dishes. 
At the time of the study the restaurant was underutilised and could 
have coped with three times the number of customers without 
significantly increasing the energy input to the kitchen. Such an 
increase in customers would at least have halved the energy used per 
meal figure.
6.5 Energy Usage General Figures by Sector of the Industry
Some general conclusions from Appendix 4 are as follows;
Employee catering ranges from 3.62 MJ/meal for a large unit 
mainly gas fired (Case Study A), through 4.99 MJ/meal for a 
medium size all electric canteen (Case Study C), to 3.70 and 
4.32 for two smaller mixed gas/electric staff restaurants (Case 
Studies E and H).
University and school catering produced figures of 8.41 and 9.41 
MJ/meal respectively (Case Studies J and K).
An American style Grill Restaurant (Case Study L) used 20.16 
MJ/meal (compared with 44.94 MJ/meal in the High Class Hotel 
Restaurant - Case Study I).
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In-store catering was relatively efficient with a coffee shop 
figure of 4.58 MJ/meal and a restaurant figure of 2.17 MJ/meal 
(Case Studies F and G).
A large fast food operation was not as energy effective as 
predicted at 6.07 MJ/meal, although this reduced to 4.50 MJ/meal 
on the busiest day of the study (Case Study B).
6.6 Energy Usage per Stage of Production
The energy inputs for preparation, cooking and serving were found to 
be:
TABLE 9
ENERGY INPUTS BY STAGE OF PRODUCTION
Stage Energy Consumed 
MJ/day
Share of Total 
%
Preparation 296 1 .20
Cooking 20,966 84.84
Service % 3,450 13.96
24,713 100.00
The assumption that preparation equipment uses little energy (made 
under 3.3) is reinforced. Cooking is the most important energy 
destination but the energy used in service was apparently significant 
in the units studied.
6.7 Energy Usage by Equipment Type
The table in Appendix 5 shows the actual energy used by each equipment 
category totalled for all locations. The energy consumption per hour 
figures are considerably below the maximum rated capacity of the 
equipment (see Appendix 6), because of the operation of thermostats 
and partial loading (using two burners out of six available on a 
boiling table for instance).
*
** See over
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* Hot storage and service equipment only. Refrigerated
storage in service uses little energy and the potential for 
savings is not very apparent, consequently it has been 
ignored in this context.
** Excludes Case Study B The Large Fast Food Operation for 
which no breakdown could be obtained.
The relative energy consumptions of the equipment available to the 
caterer is shown to be:
High Energy Users - Over 30 MJ/hr - Direct Fired Boilers 
Ovens
Salamander Grills 
Solid Top Ranges
Medium Energy Users Over 15, less 
than 30 MJ/hr
Boiling Tables 
Bratt Pans 
Fryers (Deep fat) 
Open Top Ranges
Low Energy Users less than 
15 MJ/hr
Servery Bains-Marie 
Kitchen Bains-Marie 
Jacketed Boilers 
Hot Cupboards 
Steamers (all types)
This is a significant finding. Consideration of the running times and 
the total energy consumption columns in Appendix 5 shows that high 
energy usage equipment accounts for a large percentage of the energy 
used.
For example:
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TABLE 10
ENERGY CONSUMPTION BY USAGE CATEGORY
Category Total Usage 
MJ
Total Usage 
%
High Energy Users 20,662 58.50
Medium Energy Users 7,714 21 .84
Low Energy Users 6,942 19.66
35,318 100.00
It can be seen that a relatively small number of well used heavy duty 
pieces of equipment account for almost 60% of the total energy used. 
This suggests the possibility of reducing energy costs in kitchens by 
classifying the equipment into high, medium and low categories, 
concentrating most control effort in the high and medium categories. 
This suggestion is again referred to in the conclusions (Chapter 8).
6.8 Actual Energy Usage of Equipment Compared with Maximum 
Rated Capacity
Each piece of catering equipment has a theoretical maximum rating or 
energy input. This is the figure shown as the data plates attached to 
the equipment or contained in manufacturers' specifications. Many 
pieces of equipment are rarely used to full rated capacity. For 
instance, thermostats will reduce the energy input when pre-set 
temperatures are reached, staff will not use all the sections of the 
equipment, and boiling vessels will be set to simmer after the boiling 
state is reached. The observational data was analysed in order to 
produce a figure which may be called 'thermal loading'. In percentage 
terms:
Thermal Loading = â£tuaj. Energy Usage ^
Maximum possible usage
Thermal loading by equipment type is shown in Appendix 6.
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The following observation may be made concerning thermal loading;
Most equipment seems to be operated well below total thermal 
capacity for most of the time
The median percentage value is 35%
Boilers, hot cupboards and salamander grills are operated at 
almost total thermal capacity on some occasions. Likely reasons 
are that boilers are striving to bring water to the boil, 
salamander grills are often left at maximum setting and have no 
thermostats fitted, whilst hot cupboards are frequently operated 
with doors ajar or actually open, causing continuous running.
A more controversial conclusion might be that the caterer is over­
provided with heating capacity, which is rarely used to its full 
extent. Against this must be set the caterer's need for short 
pre-heat times; a need which is satisfied by heavily rated equipment. 
In a more energy conscious future short reaction times may have to be 
provided by reducing the equipment's thermal mass (the equipment 
weight and its specific heat), or by the use of different technology, 
such as microwaves.
6.9 Equipment Utilisation
Equipment utilisation refers to the space or volumetric loading of the 
equipment, in other words how 'fully' it is loaded.
The following comments are made on the basis of the total hours and 
number of observations listed in Appendix 7. This table shows that 
the studies involved substantial effort, something over 300 hours were 
spent in the 10 locations, with 2,969 observations made on individual 
pieces of equipment.
6.10 Constraints
The initial assessments of equipment utilisation were made in 10% 
bands, but it was quickly realised that this was an unrealistic degree 
of accuracy. After a pilot study, a decision was taken to classify
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the equipment as either empty (0), 25, 50, 75 or 100% full. Short of 
taking detailed measurements, which would have been impractical in a 
working kitchen, no closer assessment could be made. Inaccuracies in 
under or overestimating fullness can be expected to be self- 
compensating in a large sample. The system proved to be workable and 
the results were recorded in this way during the field studies.
6.11 Sampling Accuracy
The sampling formula used is the 95% confidence formula. This may be 
expected to be inaccurate to some extent in one case out of twenty, 
although the chances of serious inaccuracies are acceptably small.
The accuracy limits have been calculated below for two equipment 
categories and utilisations, in order to provide an indication of the 
accuracy of the results obtained. For the formula used see 5.11. The 
figures are obtained from Appendices 8 and 9.
TABLE 11
ACCURACY LIMITS OF THE 50% CATEGORY - TYPICAL FIGURES
Example Equipment Total
Observations
(P)
(50%
Utilisation)
Category
%
Plus or 
Minus 
Accuracy 
%
1 Boilers {Direct Fired) 88 47 10.64
2 Bains-Marie (Kitchen) 136 29 7.78
3 Ovens (Normal and 
Forced Convection) 412 30 4.52
The range of accuracy could have been improved by taking more samples, 
although it should be noted that doubling the samples would have been 
physically difficult, if not impossible. Even had doubling been 
achieved the above figures would only have been reduced to plus or 
minus 7.52, 5.50 and 3.19% respectively.
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A further comment might be made which concerns sampling frequency. A 
typical round of observations took 20 minutes, but many catering 
processes take longer than this, with 30 minutes being a typical 
cooking period. Sampling, say at 10-15 minute intervals, would only
record the same condition twice, giving an illusion of greater
accuracy upon calculation but in reality not reflecting the true 
situation with any more precision.
When the general conclusions on equipment utilisation are considered 
below and in Chapter 7, they should be viewed in the light of the 
sampling errors illustrated above.
6.12 Equipment Utilisation by Category
A table of equipment utilisation percentages is given in Appendix 9. 
The following observations may be made, all of which are considered in 
more detail in Chapter 7:
The overall equipment utilisation on a weighted average basis is 
36%. The kitchens studied were generally underfilling large 
capacity equipment, which is an energy wasteful practice. Had 
smaller capacity equipment been used, both pre-heat and running 
losses would have been reduced correspcndingly.
Equipment is 'on and empty' to a considerable extent with a 
range of values of between 4 and 77% being shown. The median 
value is 33% (the median has been used to reduce the effect of 
extremes). Some equipment, such as fryers, must be left empty 
during the pre-heat period but others, such as ovens used for 
cooking meat could be filled when cold, with the pre-heat period 
being used to shorten the overall cooking period. In many other 
cases equipment running empty was on standby, kept hot in case 
of need.
Consideration of the 100% column in Appendix 9 shows that 
complete filling of equipment is unusual. It could be argued 
that the high capacity equipment is necessary to cope with the 
relatively small number of occasions when it is completely 
filled. In fact, pre-planning and pre-cooking could have
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overcome much of the need to completely fill such large capacity 
equipment. In most cases it would seem more logical to use a 
greater number of smaller pieces of equipment. This would have 
brought not only energy saving benefits but would also have 
increased the flexibility of the kitchen.
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CHAPTER 7 SAVINGS CALCULATIONS
7.1 Introduction
In this Chapter the energy wasted in the following areas has been 
calculated;
Energy waste caused by running equipment empty.
Energy wasted by underfilling equipment.
Energy wasted by employee malpractice.
Energy wasted by poor maintenance of equipment.
In each case an estimate has been made of achievable savings and the 
reasoning on which the estimate is based has been given.
The savings which can be made in the above four areas will not involve 
the caterer in large scale capital expenditure. Effort will merely be 
required to change operational practices and improve equipment 
maintenance.
7.2 Basis of Calculations
The savings calculations are based on the total energy figure for the 
equipment considered in the monitored case studies (35, 318 MJ, See 
Appendix 5).
For convenience the headings under which the savings are calculated 
have been abbreviated to:
Running empty losses
Underutilisation of equipment
Employee malpractice
Maintenance losses
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7.3 Running Empty Losses
7.3.1 Reasons for Losses
Equipment is run empty for the following reasons:
The equipment must be brought to operating temperature by 
pre-heating. This is a legitimate and unavoidable 
procedure.
After the equipment has reached its operating temperature 
it may be left unloaded. This is designated as 'excessive 
pre-heating' and is quite common. Many employees believe 
that equipment takes much longer to warm up than is 
actually the case.
Equipment may also be run empty on standby, either because 
there is a need for an instant source of heat to cope with 
unpredictable demand, or because the equipment has been
forgotten, in which case it may only be turned off at the
end of a shift.
Appendix 10 shows the running empty losses recorded during the field
studies. In Appendix 11 the energy expended in running empty has been
calculated for each equipment category.
7.3.2 Comments on Running Empty Values
The individual samples produced accuracy limits ranging from + 3.4% to 
+ 19.6%, with + 8% as a typical figure (see Appendix 11).
Totalling the figures we have:
Total running empty observations 1,078 
Total - all observations 2,969
% of time running empty 36.31% + or - 3.50%
leading to a general observation that during the study the equipment
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observed was 'empty and on' for between 32.81 and 39.81% of the time,
In Appendix 9 we see that some pieces of equipment are more prone to 
be run empty than others. The worst categories are;
TABLE 12
RUNNING EMPTY LOSSES - WORST CASES
Equipment %
Salamanders 77
Fryers (Deep Fat) 64
Ranges (Solid Top) - Oven 51
Ranges (Open Top) - Oven 50
Bains-Marie (Servery) 50
Bratt Pans 46
With the exception of servery Bains-Marie, all these pieces of 
equipment are either heavy or medium rated (see the classification 
under 6.7). High percentages of time spent running empty are thus 
occurring on pieces of equipment which are themselves high energy 
users.
7.3.3 Reducing Running Empty Losses
The loss figures in this category are significant and there is at 
least a theoretical possibility of reducing them. It will never be 
possible to eliminate the loss completely, since equipment has to be 
warmed up and a certain amount of stand-by running will be necessary in 
some operations. There is also a real need in some kitchens to 
maintain equipment on stand-by at operating temperature to provide 
immediate response to customer orders. Paradoxically, both Fast Food 
Operators and High Class Restaurants have this same requirement.
Again, where the stand-by interval is short, it may be less wasteful to 
maintain temperature than to switch off, cool down and re-heat to 
operating temperature.
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Nevertheless, equipment left empty whilst running does represent an 
area of waste. This was obvious from the field studies when equipment 
was often observed to be switched on well before the time of need, 
sometimes merely to warm a cold kitchen. There exists an almost 
universal tendency to operate salamander grills continuously, despite 
the fact that their pre-heat time is short. Again gas jets on open 
top ranges and boiling tables were left running unnoticed for long 
periods, sometimes just to provide a convenient means of lighting 
tapers.
It was hoped that the all electric employee catering unit (Case Study 
C) would provide an interesting bench mark operation. The manager was 
very energy conscious and had succeeded in communicating his attitude 
to the staff. Equipment was turned on only when needed, then switched 
off promptly when no longer required. Despite these measures, the 
'equipment running empty' was still 36% (see Appendix 12). However, a 
true comparison with the other kitchens is difficult because electric 
equipment is generally less highly rated than gas equipment and can 
take longer to pre-heat. This is evidenced by figures of 33% and 32% 
recorded in comparable gas/electric kitchens at Case Studies A and H 
(Appendix 12) which were not such well controlled units.
A low figure of 23% was recorded in Case Study J (Appendix 12). A 
University kitchen based on light duty equipment and incorporating 
microwave reheating of frozen foods. This may well indicate the 
future operating pattern for many caterers, so that the problem may 
lessen in time.
7.3.4 Laboratory Figures - Running Empty
Laboratory studies carried out at the University of Surrey (Chapter 4) 
show that preheat losses can be substantial, even when care is taken to 
operate equipment as frugally as possible.
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TABLE 13
RUNNING EMPTY - UNIVERSITY OF SURREY FIGURES
Menu Preheat Energy Total Preheat Total Energy
Gas Energy Energy Electricity
MJ Gas MJ Electricity MJ
MJ
Menu 1 Run 1 40.62 147.71 20.16 76.79
Run 2 39.07 160.39 23.87 78.12
Menu 2 Run 1 40.62 164.06 20.09 75.53
Run 2 41.68 168.81 22.03 76.75
TOTALS 161.99 640.97 86.15 307.19
Apart from the preheat period the equipment was never run unloaded.
As a percentage of total energy the preheat energy was;
TABLE 14
PREHEAT ENERGY - GAS AND ELECTRIC COMPARISON
Equipment Preheat Energy 
%
Gas 25.27
Electric 28.04
Weighted Average * 26.17
* Allowing for differences in total consumption
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Cowling [1] conducted experiments to determine the efficiency of 
different cooking processes. The figures obtained for well loaded 
electrical equipment were:
Equipment
Convection Oven 
Deep Fat Fryer 
Griddle Plate
Preheat %
33.49
76.19
58.33
(These figures have not been used as they are felt to overstate the 
case, since Cowling was very concerned to achieve perfect temperature 
stabilisation).
Figures obtained by Collison and Wilson [2], again under laboratory 
conditions were:
TABLE 15
RUNNING EMPTY - COLLISON AND WILSON FIGURES
Equipment Preheat
MJ
Total
MJ
Preheat
%
Electric Oven (5.6kw) 121°C 2.16 5.46 40.00
11 II 176°C 3.13 8.23 38.03
II II 232°C 4.45 9.55 46.60
II II 288°C 6.06 11 .16 54.30
Electric Oven (11 kw) 121°C 4.10 19.00 21.58
It II 288°C 16.20 30.50 53.11
Fryer (0.25 kg Load) 1.15 1.87 61.49
" (0.75 kg Load) 1.15 2.41 47.71
Gas Convection Oven 121°C 11.60 54.20 21 .40
II " 260>°C 27.60 71 .60 38.55
TOTAL 77.60 213.98 36.27
These laboratory figures provide confirmation that significant amounts 
of energy must be used to preheat equipment, even under ideal
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conditions. Fryers are particularly expensive to preheat and Cowling 
[1] found that a fryer could take up to one hour to achieve complete 
temperature uniformity throughout the frying medium, although caterers 
will preheat for a shorter period.
7.3.5 Running Empty - Savings Estimate
The known facts are as follows:
Source Preheat Energy 
%
Surrey University (Chapter 4)
Case Study C (all electric kitchen)
Wilson and Collison (Laboratory Figures!
26.17
36.00
36.27
Considering the field study results we have:
Field Study Range (Appendix 10!
Field Study Average (See 7.3.2)
5 to 59% 
36.31%
On this basis a subjective estimate is made that many caterers have 
equipment running empty for about 36% of the time and that it should 
be possible to halve the difference between this figure and the figure 
recorded at the University of Surrey (26%). This would give a savings 
potential of 5% of the total energy bill across the range of case 
studies and by extrapolation across the Catering Industry.
This saving will be achieved partially by using minimum preheat times, 
but more importantly by switching off equipment when not in use, or 
alternatively using it for some useful purpose. Some caterers will be 
able to achieve much higher savings. For instance, running empty 
energy figures of 52, 56 and 59% were recorded at Case Studies 1, E 
and M (see Appendix 12).
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7.4. Underutilisation of Equipment
Appendix 8 shows the results of the sampling studies expressed as the 
number of observations recorded in each equipment utilisation 
category. Appendix 9 shows the same observations expressed as 
percentages. These two tables provide the basis for the following 
observations.
7.4.1 The Field Study Findings
In Appendix 9 we see that the utilisation of equipment ranged from 19% 
to 55%. As calculated from the number of observation figures in 
Appendix 8 the weighted average figure is 36% for all the equipment 
observed. If the median figure is used to reduce the effect of 
extremes, the equipment utilisation is 32%. This shows that equipment 
was underutilised to a significant extent at the Field Study 
locations.
Underloading equipment is arguably a wasteful procedure. Increasing 
the amount of food in a piece of catering equipment does not increase 
the energy consumption pro-rata. Preheat and environmental losses are 
essentially constant and will be amortised over a larger quantity of 
food. Filling equipment more fully will increase thermal efficiency 
if it can be accomplished.
The use of oversized equipment (too large for the purpose for which it 
is used) exacerbates underfilling, and there may be little that staff 
can do about it. Food is often cooked to order and quantities cannot 
be increased merely to fill equipment more fully. Despite this, 
efforts made to plan cooking programmes to fill equipment more fully 
are likely to produce energy savings.
7.4.2 Equipment Utilisation and Energy Consumption - 
Experimental Data
Noble et al [3] studied the utilisation of energy in commercial steam 
cookers. Although the studies aimed to obtain comparative data on 
pressure and pressureless steamers, the results did show a reduction 
in energy used per gram of food cooked as equipment loads increased.
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Load efficiency was taken to be the ratio between the total energy 
absorbed by the product and the total energy used. The results 
obtained were:
TABLE 16
STEAMERS - EFFICIENCY AS A FUNCTION OF LOAD
Equipment Minimum Load - Maximum Load -
Efficiency % Efficiency %
Pressure Steamers •' 12 26
Pressureless Steamers 6 14
These figures show that as loads increased from minimum to maximum 
(one third to completely full) the energy used per gram was halved or 
less.
There is not necessarily a simple relationship between increase in 
load and increase in thermal efficiency. Cowling [1] observed that an 
electric convector oven and a fryer showed a reduction in energy use 
per kg of food cooked as percentage loads increased, but that the 
reductions were not in simple proportion (see graphs in Appendices 13 
and 14). The fryer with oil graph showed a better proportionality 
than the electric convection oven.
A salamander grill might exhibit such a direct proportional 
relationship between MJ/kg and load. This equipment uses energy at a 
constant rate, regardless of the food placed in it. Doubling the load 
could theoretically halve the energy used per kg. (See Appendix 15 
Theoretical graph).
7.4.3 Equipment Utilisation - Savings Estimate
Apparently, the savings potential under this heading is considerable 
but achieving savings will depend upon major changes in operating 
practice which caterers may be unable or reluctant to contemplate.
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Doubling the weight of food cooked in a piece of equipment was 
possible in most cases (see Appendix 9) but doing so does depend upon 
having double the amount of food available for cooking. Also, if two 
different types of food are cooked simultaneously in the same 
equipment, there are two basic prerequisites. Firstly the cooking 
temperature must be approximately the same for both and secondly, 
there should be no danger of flavour cross-contamination.
A careful examination of the field study observation sheets failed to 
reveal any obvious possibilities of increasing loads, or combining 
food items in a piece of equipment to achieve the same end. This 
suggests a conclusion that a considerable degree of forward planning 
will be necessary if improvements in this category are to be made. 
Savings could then be possible; for instance food could be cooked or 
partially cooked in advance of demand, then held in a chilled state 
for later finishing or reconstitution. Further study of this area 
could be rewarding.
An important general conclusion must be that equipment is often over 
sized for its purpose. Using smaller capacity equipment in the 
kitchens studied would have reduced preheat losses and lowered the 
running energy losses.
In summary, this area presents a real challenge to the caterer. The 
potential for energy saving is considerable, but achieving such 
savings will depend upon pre-planning and major changes in kitchen 
practice. Despite the difficulties, it would be unrealistic to 
suppose that savings cannot be achieved and an estimate is made that 
savings of 5% of total energy should be possible by attention to 
operating practice. With careful planning the savings might be much 
higher.
7.5. Employee Malpractices
Malpractice was defined as some practice on the part of the catering 
employee which contributed towards energy waste.
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7.5.1 Categories
Apart from running equipment empty and partially filled, every other 
instance of careless operation or wasteful practice directly 
attributable to kitchen staff was recorded. Three sources of loss 
were observed:
Liquids were boiled or simmered in containers with no 
lids in place (lid losses). This practice occurred on 
pans, boilers, bratt pans and fryers.
Equipment was operated with doors open or ajar (open door 
losses). This occurred on steamers, hot cupboards and 
ovens.
Servery Bains-Marie were sometimes operated without food 
trays in place. However, the energy loss was small and 
has been discounted.
Lid losses and open door losses are examined below.
7.5.2 Lid Losses - Experimental Data
Estimates of the savings which might result from placing lids on 
equipment are based on experimental data by Brundrett and Poultney [4] 
who showed that placing a lid on a pan can reduce energy consumption 
substantially under certain conditions. A table of their findings 
relating to large, thick aluminium saucepans is contained in Appendix
16.
The figures given in the table are for large domestic pans. A ratio 
of 4.3 to 1 exists for the energy input in the lid-off and lid-on 
condition. A test on smaller pans yielded a ratio of 3.75 to 1. On 
this evidence an assumption has been made that the findings will be 
broadly applicable to catering equipment. A ratio of 4.3 to 1 has 
been used in later calculations.
An important conclusion of the research was that placing a plan on a 
vessel makes little difference when boiling is taking place (compare
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the 100 C figures of 6,948 and 6,984 MJ, Appendix 16). The savings 
potential of lids is at a maximum when liquids are simmered.
7.5.3 Lid Losses - Case Study Findings
During the field studies all instances of equipment running without 
lids, or of lidded equipment running with raised lids, was noted. At 
that time the significance of the energy difference when boiling and 
simmering with a lid in place was not realised. Most instances 
observed were of equipment in the simmering state, since caterers 
simmer more often than they vigorously boil, but instances of boiling 
as opposed to simmering were not separately recorded.
Assuming an extreme position, that is that each observation of a piece 
of equipment without a lid related to the simmering of a liquid, the 
following calculation can be made:
TABLE 17
PERCENTAGE OF TIME EQUIPMENT WAS OPERATED WITHOUT LIDS
Equipment Percentage of time 
Running without lids 
%
Boilers - Direct Fired 24
Boiling Tables 13
Bratt Pans 69
Kettles - Steam Jacketed 48
Ranges - Open Top - Tops 27
Ranges - Solid Top - Tops 29
The Brundrett and Poultney figures [4] indicate a factor of 4.3 to 1 
or a 76.74% saving if lids are placed on equipment containing 
simmering liquids. Applying this figure of 76.74% to the field study 
results we have:
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TABLE 18
LID LOSS CALCULATIONS
Equipment (A)
Total
Energy
Used
MJ
(B)
Time
Without
Lids
%
(C)*
Calculated
Saving
MJ
Boilers (Direct Fired) 1,999 24 368
Boilers (Jacketed Kettles) 1,415 48 521
Boiling Tables 857 13 86
Bratt Pans 1,071 69 567
Ranges (Open Top) - Top 1,730 27 179 **
Ranges (Solid Top) - Top 9,086 29 1,011 **
TOTAL 10,750 2,732
* (C) = (A) X (B) X 76.74%
** An equal energy split between ovens and tops has been assumed in 
the cases of the Open Top and Solid Top Ranges. The savings figures 
are consequently halved.
The calculated saving of 2,732 MJ is 25.41% of the total energy used 
by the equipment listed and 7.74% of the total energy used by all 
equipment (35,318 MJ).
7.5.4 Lid Losses - Savings Estimate
The calculated figure in 7.5.3 of 7.74% savings potential must be 
reduced for the following reasons;
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1. Continuous simmering is assumed. For an estimated 25% of the
time liquids were boiling rather than simmering, and for this 
condition the use of lids has little effect. The savings should
be reduced by 25% in consequence.
2. The total energy usage figures for the equipment include 
pre-heat. The table in Appendix 16 shows that the ratio of 
energy used in the lid off/lid on condition is 1,296 to 324 (or 
4:1) at 80°C and only 162 to 54 (or 3:1) at 40^C. Averaging the 
values betwen 40^C and 90°C a mean ratio of 4.6:1 is obtained, 
which is greater than the ratio of 4.3:1 used in the savings 
calculation. The savings might be increased slightly during the 
period when the equipment was pre-heated but because the 
pre-heat energy in the lid off state is not known with 
certainty no increase in the savings figure has been made.
3. Kitchen staff may be unable or unwilling to place lids on pans,
since boiling is in itself a control mechanism which broadly 
balances the energy input to the equipment with the heat lost by 
supplying the latent heat of vapourisation. Placing a lid on a 
pan of boiling liquid may cause it to boil over, necessitating 
rebalancing the energy input, either by turning down the heat 
input or by moving the pan away from the heat source. This 
latter is the control procedure adopted by kitchen staff when 
using solid top equipment, for instance.
4. Some recipes call for vigorous boiling as part of the cooking
process and the use of lids is inappropriate under such 
conditions.
An estimate is therefore made that only half the savings potential 
under this heading is realisable in practice, say 3.7% of the total 
energy bill. Achieving such a saving should be relatively easy, it 
merely requires that staff be encouraged to place lids on containers 
whenever possible.
7.5.5 Open Door Losses
Collison and Wilson [2] showed that the losses caused by opening oven
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doors to load and unload food were in the order of 2% to 11% of the 
energy used during cooking. These figures did not include pre-heat 
energy. However, oven doors have of necessity to be opened for 
loading and unloading so that some losses must be borne.
7.5.6 Field Study Observations
During the field studies, oven and hot cupboard doors were frequently 
observed to be open or ajar unnecessarily and sometimes for long 
periods. Hot cupboards are often sited between the kitchen and the 
servery, with doors opening to both locations. These doors seemed to 
be especially prone to be left open, resulting in a steady and 
unnecessary loss of heat. This is illustrated in the following table;
TABLE 19
OPEN DOOR OBSERVATIONS
Equipment Total on - on -
Observations Door Ajar Door Open*
Occ % Occ %
Hot Cupboards 342 24 7 20 6
Ovens 217 15 7
* Doors Open - Staff Absent - not unloading and loading
A precise assessment of the energy lost cannot be made but clearly 
energy is wasted. A small amount in the case of naturally convected 
hot cupboards, a large amount in the case of forced convection ovens 
without automatic fan cut-off, left with doors open and fans running.
7.5.7 Open Door Losses - Savings Estimate
Collison and Wilson [2] also noted that the energy absorbed by the 
food in an 11 kw forced air electric oven is between 42% and 45% of 
the energy supplied. This is confirmed by the Federal Energy 
Administration [5] who state the figure as 40% to 60%. The remaining 
energy is lost to the environment (40% to 60%) and includes open door 
losses. From Table 19 above it can be seen that avoidable open door 
losses occur for between 6% and 7% of the time. Taking the most
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conservative case, 6% of 40% of the energy, a saving of 2.4% of the 
energy supplied might be saved by closing doors on all possible 
occasions.
Since ovens and hot cupboards account for 8,948 MJ of the total 
energy supplied to the kitchens studied, a 2.4% saving is 215 MJ.
This figure of 215 MJ is 0.61% of the total energy supplied 
(35,318 MJ).
A saving under this heading of 0.6% is therefore thought to be 
achievable.
7.6 Maintenance Losses
The maintenance of catering equipment can leave much to be desired. 
Breakdown maintenance, a system whereby equipment is run until it 
breaks down, is the general rule. Planned preventative maintenance, a 
system where equipment is regularly checked and maintained in order to 
avoid breakdown, is not often encountered. The time of maintenance 
personnel may also be difficult to obtain. An Industrial Caterer will 
have to rely on the client’s maintenance department, who will often 
view the kitchen as a secondary area of importance. Commercial 
Caterers usually call in contractors or manufacturers if breakdowns 
occur, with consequent delays.
In almost every operation studied a proportion of the equipment was 
found to be inoperative, usually broken down and waiting for spare 
parts or attention. Caterers cope by using ingenuity and alternative 
equipment but this may result in the use of inappropriate equipment 
and energy wasteful practices.
Two obvious and easily rectifiable areas where improvements might be 
made concern equipment door seals and gas flame efficiency. Equipment 
door seal failures were observed on both oven and steamer doors.
7.6.1 Oven Door Leakages
During the field studies instances were observed of oven doors which 
did not fit properly, or had poor quality door seals. A noticeable
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loss of heat occurred, especially in the case of forced convection 
ovens. Gas convection ovens must vent air continuously in order to 
support combustion, so it is debatable whether or not it is wasteful 
to ventilate the oven through the door seal, rather than through the 
normal vents. Since the air loss through the door is unplanned it is 
probably undesirable and has been assumed in consequence to be a loss. 
Electric convection ovens approach closed systems and hot air leaking 
through a door seal represents an unplanned and definite loss by any 
standard.
7.6.2 Oven Door Leakage - Savings Estimate
The losses are real but are not substantial. Ovens were observed 
running for a total of 412 hours, and for 16 hours ovens with leaking 
door seals were recorded. This represents 3.88% of the total hours. 
Ovens used 6,907 MJ in total and assuming that 10% of the heat escaped 
through the door seal, the savings calculation is;
10% of 3.88% of 6,907 MJ = 26.80 MJ
26.80 MJ is 0.08% of the total energy used (35,318 MJ)
(A 10% heat loss through a leaking door seal is thought 
unlikely to be an overestimate).
7.6.3 Steamer Door Leakages
Steam was observed leaking past the door seals of low pressure 
steamers for 16 hours out of a total of 46 hours, or for 34.78% of the 
time.
7.6.4 Steamer Door Leakages - Savings Estimate
Employing a similar reasoning to that outlined in 7.6.2 and assuming 
that the escape again represented 10% of the total energy supplied 
(1,730 MJ):
10% of 34.78% of 1,730 MJ = 60.17 MJ
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The figure of 60.17 MJ represents 0.17% of the total energy supplied 
to the kitchens (35,318 MJ).
(It should be noted that high pressure steamer door seals were always 
perfect. Any leakage would have prevented the equipment from reaching 
operating pressure, resulting in withdrawal from service).
7.7 Gas Flame Efficiency
7.7.1 General Observations
Apart from pilot lights and some older equipment, the majority of 
catering equipment gas burners are of the aerated flame type which is 
the type of flame found in bunsen burners.
When gas flames are operated at maximum efficiency:
1. The gas/air ratio is such that the gas is wholly consumed.
There will be no unburnt carbon monoxide in the flue gas, or 
free burning carbon causing yellow flames.
2. The inner blue/green cone will be sharply defined with an outer 
cone of blue light.
3. Providing the inner cone remains unbroken flame contact with 
utensils is desirable.
4. There will be no tendency for flames to ’light-back’ (over 
aeration) or ’lift’ at the burner. There will be no 
’flabbiness' in the flame caused by lack of air.
5. There will be no distortion of shape caused by pieces of food on
the burners.
The major determinant of gas flame efficiency is the gas/air mixture. 
Precise measurement is only possible using flue gas analysis and 
requires trained staff.
At each field study location the Management was questioned about
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burner maintenance and only a few instances were recorded of 
particular pieces of equipment being regularly serviced. In all the 
other cases burners were operated for long periods without attention, 
making it likely that improvements in flame efficiency and reductions 
in energy usage could be made.
Flame ’flabbiness’, the condition in which the pale blue inner cone is 
not sharply defined, was often observed. This is likely to be the 
main fault, since it is caused by lack of air, which may in turn be 
caused by ’linting’ when dust and grease are drawn into the air intake 
to be deposited, restricting the air flow and choking the burner jets.
7.7.2 Effects of Air/Gas Imbalance
Significant fuel wastage can result from either (a) too little air, 
when potentially combustible gases are lost in the flue products, and 
(b) an excess of air, when fuel is wasted due to the need to heat the 
excess air to the flue gas exit temperature. The amount of wastage is 
dependent upon flue gas temperature. In practice perfect gas/air 
ratios cannot be obtained. It is always necessary to provide some 
excess air to compensate for incomplete mixing and thereby minimise 
carbon monoxide generation. Slight excess air also provides a margin 
for drift or variations in ambient temperature.
Figures provided by the British Gas Midlands Research Station in 
Table 20 show the losses associated with varying levels of excess air 
or air deficiency at an exit temperature of 500°C. The mixture can 
be affected by gas pressure and by the size of the air intake to the 
burner. Checking and adjusting the pressure and cleaning and 
adjusting the air intake is desirable on a yearly basis for heavily 
used equipment.
7.7.3 Field Study Observations - Gas Flames
A visual inspection of the gas flames was made at each location. 
Generally the aerated flames showed blue cones, which indicates either 
correct adjustment or an excess provision of air. Excess air is a 
source of inefficiency since more air than necessary is drawn through 
the burner, heated to a high temperature and exhausted. Visually,
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there is no way of determining the amount of excess air; only a flue 
gas analysis of free oxygen will reveal the true situation.
In one location (Case Study J) the gas burners were in very poor 
condition. Almost without exception the flames were both yellow and 
overlarge. This showed that incomplete combustion was taking place, 
resulting in the burning and deposition of free carbon. The situation 
was caused by a lack of servicing, particularly with respect to the 
cleaning of the air intakes on aerated burners.
TABLE 20
EFFECT OF AIR SUPPLY ON FUEL WASTAGE
Air Deficiency 
%
Fuel Wasted 
%
-40 51.3
-30 38.5
-20 25.7
-10 12.8
- 5 6.5
0 0
+ 5 1.3
+10 2.4
+20 4.6
+30 6.8
+40 9.0
The relationship between air deficiency and heat loss is linear for 
practical purposes. Flue gas exit temperature depends upon the type 
of equipment in use. For instance, the temperature of exhaust gas 
venting to atmosphere from a gas oven may be less than 200°C, which 
means that most of the heat of combustion has been absorbed within the 
oven. An over supply of air is less serious in this case than for a 
salamander grill (exhaust temperature 250^0), or for an open flame, 
when the temperature above the flame is well above TOO^C.
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Table 20 shows that an under supply of air (yellow flames) is more 
serious than an over supply of air. Whilst a typical figure for 
fuel wastage of 1 to 2% might be experienced by the air over supply, a 
figure of 6.5% loss is produced with a 5% under supply.
Two general observations are that:
An oversupply of air condition was observed in some locations.
An undersupply of air (flabby flame) was a more common 
observation, caused by the effect of continued operation 
producing 'linting'.
A serious undersupply of air caused by choked air intakes represents a 
serious loss, but the resultant yellow flames will alert staff to the 
need for burner servicing.
An oversupply of air is not readily apparent to a caterer. The flame 
looks good and the need for adjustment may go unnoticed. Similarly 
the undesirable nature of 'flabby' flames is not generally 
appreciated, the flame still has an acceptable appearance. Some
observations were made of flames enveloping pans on open top burners,
caused by high gas pressure and maladjustment,
7.7.4 Gas Flames - Savings Estimate
Case study J was an extreme case of lack of maintenance, resulting in
choked air intakes and large yellow inefficient flames. Reference to
Table 20 shows that 20% of the available heat in the gas may well have 
been lost.
Location J used 5,714 MJ of gas energy and a 20% saving is thus 
1,143 MJ which is 3.24% of the total energy used during the study 
(35,318 MJ).
This calculation is shown for interest. Such a situation is likely to 
be rare and no industry-wide calculation or assumption could be based 
upon it. The figures have consequently been disregarded.
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The total amount of gas energy supplied during the field study 
observations is shown in Appendix 17, and amounted to 32,225 MJ out of 
the study total of 35,318 MJ. We have previously seen that a 5% 
undersupply of air could produce a 6.5% energy loss, and that an
undersupply condition is likely at many of the locations, caused by
lack of regular maintenance. Again making a conservative estimate 
that a 3% gas saving is likely to be achievable;
3% of 32,225 MJ = 967 MJ, which is 2.74% of the
total energy supplied.
7.8 Summary of Potential Savings
Totalling the foregoing figures we have;
TABLE 21
CALCULATED SAVINGS POTENTIAL AS A PERCENTAGE OF TOTAL ENERGY SUPPLIED
Category Saving %
Running Empty Losses 5.00
Underutilisation of Equipment 5.00
Employee Malpractice - Lid Losses 3.70
" " - Open Door Losses 2.40
Maintenance Losses - Oven Door Leakage 0.08
" " - Steamer Door Leakage 0.17
Gas Flame Efficiency 2.74
19.09
These figures are not thought likely to overstate the case. They 
correspond with an estimate made by Lawson [6] that the caterer should 
be able to save 20% of the energy bill by attention to energy saving 
practices. Other minor ways of saving energy exist. For instance, 
griddle tops should be kept clean, gas flames should just touch the 
bottom of pans and so on. The savings will be small but will be
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additional to the savings calculated above.
It should also be noted that figures do not include heating, 
ventilating, lighting, refrigeration and hot water. All these are 
considerable energy users in their own right and will repay any time 
and effort spent in improving operating procedures.
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CHAPTER 8 CONCLUSIONS
8.1 General Conclusions
The Catering Industry is large, widely dispersed and inadequately 
documented. At the present time neither staff nor management are 
particularly conscious of the need to save energy, but this situation 
could change as energy prices rise (see Chapter 1).
There was wide variation in the amount of energy used to prepare, cook 
and serve food. The energy figures ranged from 2.17 MJ per meal in a 
Department Store Restaurant to 44.94 MJ per meal in a High Class 
Restaurant. A study weighted average value of 6.57 MJ per meal was 
calculated. At 1983 prices, these consumption figures ranged from
0.91 p per meal to 18.93 p per meal with a study average value of 2.76 p 
per meal [1]. The caterer's total bill per meal will be higher 
since it includes storage, wash-up, heating and ventilating and 
lighting costs.
The figures for energy consumption per meal obtained in laboratories 
were found to be lower than those found in the industry. For 
instance, a gas produced meal at the University of Surrey trials 
required 3.99 MJ, which included preheat energy (see 4.5). Laboratory 
figures were found to represent ideal targets against which comparisons 
can be made.
In the kitchen area cooking was found to be the major energy 
destination (84.84% of total consumption) compared with preparation 
(1.20%) and service (13.96%). (See 6.6).
The sampling procedure outlined and justified under 5.6 worked in 
practice, enabling a number of pieces of equipment to be simultaneously 
monitored for energy consumption, fullness, purpose for which used and 
wasteful practices.
The kitchens studied were selected so as to be representative of the 
Industry as a whole. The general proposition made by Lawson [2] that 
the Industry can save 20% of its energy bill by relatively simple 
procedures was confirmed and has been shown to be a conservative
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estimate, since he envisaged equipment changes as contributing to the 
20% saving. Better equipment will in fact provide additional savings. 
Reductions in the remaining 80% of energy costs are likely to be 
achieved by capital investment and improved equipment (see below). 
Savings in lighting, heating and ventilation, storage and wash-up will 
be additional to the above figures.
8.2 Scope for Savings Through Changes in Operating Procedures 
and Staff Practices
The general premise of the research, that savings in the energy used 
in the areas of catering considered may be achieved without capital 
investment and using simple procedures has been verified in the 
context of the field study operations, and by inference for the 
Industry as a whole.
The savings are shown under 7.8, Table 21 and may be summarised as:
Reducing Running Empty Losses 
Increasing Equipment Utilisation 
Reducing Employee Malpractice 
Improved Maintenance
5.00%
5.00%
6.10%
2.99%
19.09%
The savings are not felt to be overstated and may well be higher.
8.3 Catering Equipment
A general observation was that catering equipment is use-orientated 
with energy consumption a secondary consideration. The equipment was 
found to be large, heavy duty, had a high thermal mass and consequent 
slow response which invited continuous running whether loaded or not. 
It had a long life which can lead to kitchens being equipped with 
obsolescent equipment but still functional equipment.
The equipment at the field study sites was found to be generally over­
large in relation to its use and lightly loaded, both thermally and 
volumetrically (see Appendices 6 and 9). Reducing the size of
catering equipment, perhaps by using a greater number of smaller 
appliances, is likely to reduce energy consumption. A significant 
finding was that certain pieces of equipment accounted for most of the 
energy consumption in the kitchens and that these items are prone to 
be run empty and underloaded, (see 6.7). This raises the possibility 
of a savings approach which concentrates on key energy using equipment 
only (see 8.6 below).
Insulation will be a major determinant of thermal efficiency for some 
pieces of equipment such as steamers and ovens. Newer pieces of 
equipment showed evidence of better insulation but there is 
considerable scope for improvement. It may be that minimum standards 
laid down by Government will provide an answer.
8.4 Catering Employees
The catering staff observed were production rather than energy 
orientated. They perceived a need for large quantities of heat 
available at short notice and were following the traditional practice 
of running equipment continuously, whether required or not. Staff 
were generally not technologically trained and were unaware of the 
energy usage of the equipment which they operated. Energy consumption 
went largely unrecorded and unremarked and was rarely included in the 
costing information provided to catering staff. Energy costs were 
found to be low in relation to food and labour costs but this 
situation will change if energy costs rise in real terms in the 
future.
8.5 The Changing Nature of the Industry
The Catering Industry has entered a period of change whereby frozen 
and convenience foods are produced either centrally or in food 
factories. New systems such as cook-freeze and cook-chill will change 
the nature of kitchens, leading to the time-place separation of cooking 
and service and to a better planned operation. The new systems were 
not encountered in the field studies and are outside the scope of this 
research. However, traditional methods can be expected to remain 
important and be the mainstay of most catering operations in the fore­
seeable future.
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8.6 Scope for Further Work in this Field
From the findings outlined in Chapters 6 and 7 it was possible to 
envisage two major areas where further study could be beneficial.
The first approach would be to take an operational kitchen and to 
rectify all the faults noted in the study. An interesting research 
project would be to measure the before and after energy use after a 
programme of fault rectification. The requirements would be:
A kitchen which has both the gas and electricity supplies 
metered.
An operation which allows a repeat run of identical recipes and 
quantities, one run before and one run after the changes had 
been made. A hospital or other institution is a possibility 
here.
The ability to maintain heating and ventilating and lighting at 
a constant level during both runs, or preferably to separate 
these ancillary energy inputs.
An observer who can ensure that as many energy saving practices 
as possible are put into operation and who will help the 
Catering Management to plan production so as to increase 
equipment utilisation and reduce running empty times.
An interesting variation would be to make changes in sequence, 
monitoring the effect on energy consumption as each change was made. 
However, this would make comparison more difficult because other 
variables, such as menu and quantity changes might cause confusion.
The second approach is similar but is based upon the finding in 6.7 
that major energy using pieces of equipment are often badly loaded and 
managed. The equipment in the kitchen could be separated into high, 
medium and low energy usage categories with a high degree of planning 
and control being concentrated upon the heavy energy users, less 
control on the medium energy users, with low energy users being 
ignored. In effect, this parallels the methods of stock reduction.
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whereby stock control and reduction procedures are concentrated only 
upon the high value portions of the inventory.
Apart from these two approaches, Unklesbay, N. and K. [3] have claimed 
36% to 57% reductions in energy inputs by the energy modification of 
recipes. More research work in this field should prove rewarding if 
savings figures of this order can be realised.
8.7 Final Note
Savings in energy are possible in catering by applying commonsense 
and assuming a willingness to plan. A reasonable estimate of the 
magnitude of such savings had been made in this research.
However, the fact remains that to a large extent the caterer is a 
victim of initial equipment purchasing decisions made when the kitchen 
was first equipped. If overlarge, heavy duty equipment is purchased, 
then energy will inevitably be wasted during the lifetime of the 
equipment which may well be in excess of 10 years. Similarly, a large 
amount of the responsibility for high energy use must be apportioned 
to the catering equipment manufacturers. Catering equipment is not 
efficient in energy terms and efforts should be made to increase 
insulation standards and improve designs. Inherently, the cooking of 
food requires very little energy; most of the energy used in catering 
does not enter the food but is in fact wasted.
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APPENDIX la
CASE STUDY A
Large Employee Canteen
Introduction
The unit studied was a large factory canteen operated by an 
Industrial Caterer on a contract basis. It consisted of a mixed fuel 
kitchen serving a works canteen, an executive dining room and a 
senior management dining room. The works canteen contained a fast 
food operation with some cooking in situ., but with some items 
pre-prepared in the main kitchen. The caterer serviced the works 
vending machine and operated a trolley service providing tea, coffee 
and cold snacks.
1. Operational Details
1.01 Nature of the Operation
The unit served mainly traditional meals although some fast 
food was cooked to order. There were three differently priced 
menu choices for the main course and the food was partially 
subsidised.
1.02 Dates
The unit was studied on 4 representative days during December 
1982 and January 1983.
The demand was fairly steady as the unit has a captive market. 
Variable factors were;
the number of people on site (normally 4,300 per day of 
whom up to 1,200 take lunch)
the time of year (affecting the food mix)
the time of month, figures being affected by cash 
availability.
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1 .03 Physical Size 
Kitchen
Offices/stores 
Executive Dining Room 
Senior Management Dining Room 
Works Canteen
442m=
110m"
55m"
156m"
895m"
1 ,078ms 
268m3 
134ra^  
380m: 
247m:
1.04 Installed Capacity - for detailed list see Section 4
Storage
Preparation
Cooking
Service
Dishwashing
Utilities
MJ/h
7.4
6.7
2,385.1
299.1
43.2
68.1
(plus steam)
(plus space heating)
1.05 Staffing 
Number 
1 
1 
4 
1 
3 
1
3 to 6
Job Title 
Manager
Assistant Manager 
Chefs (main kitchen)
Grill bar chef
Kitchen porters
Salad bar chef
Full and part time stores,
clerical, watiresses and
wash-up
1.06 Meal Classification
This was mainly fresh (including potatoes) with some 
convenience foods - gravy, custard, vegetables, pies, sausages, 
hamburgers etc in use.
1.07 Quantities
Up to 1,200 meals per day were served.
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Weight of food per meal (typical figures for pre-cooking 
weights);
Meat
Chips
Veg
0.114 kg 
0.171 kg 
0.072 kg
A survey average figure of 0.40 kg has been assumed in 
subsequent calculations.
1.08 Hours
Kitchen 
Works Canteen 
Managers & Executive
0730 - 1400 
1200 - 1330 
1200 - 1400
1.09 Maintenance
This was carried out by the Works Maintenance Department on a 
breakdown basis.
The gas flame efficiency was moderately good.
Much of the equipment was old. Spares were difficult to obtain 
and during the course of the study some equipment was out of 
operation, leading to the use of less efficient and 
inappropriate equipment. For instance breakdowns in the high 
pressure steamers required the use of boiling kettles, 
atmospheric steamers and open pans on ranges.
1.10 Finance
Energy for all catering purposes, lighting and heating was 
supplied free of charge by the client firm.
The client measured gas consumption, but the heating, hot water 
and electricity consumption figures were lost within a larger 
operation. This is a normal industrial catering situation and 
will hamper efforts to make this sector of the catering industry 
energy conscious.
Meal charges to the works staff were on a food cost recovery
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basis only. The client bore the cost of energy and the 
Industrial Caterer's management fee in addition to providing 
equipment, maintenance and accommodation. This is a typical 
Industrial Catering arrangement.
1.11 Special Characteristics
The kitchen produced large quantities of food and could be 
expected to be relatively efficient on an energy cost per meal 
basis.
However, the main problem experienced was the limited time 
available for service. Most of the 1,200 meals were served 
between 12.00 hrs. and 13.30 hrs. when the employees entered 
the canteen in waves at ten minute intervals. Prolonged 
queueing could not be accepted, since the employees only had 30 
minutes for lunch, so virtually all the food needed had to be 
pre-prepared and held in heated storage before and during the 
meal service period. This in turn increased the energy 
consumption of gas and electrically heated hot cupboards and 
bains-marie.
Another problem, (often experienced in industrial catering) 
concerned maintenance. The Works Maintenance Department was 
responsible for both production and catering equipment. In some 
instances it was forced to ignore or delay catering equipment 
maintenance in order to attend to the more urgent needs of 
production. Under these conditions catering equipment defects 
may be left unattended, affecting operational efficiency and 
energy consumption in turn.
2. Results
2.1 Energy Usage and Food Consumption
Only hot meals have been considered, salads are assumed to have 
little energy content.
Actual readings have been supplemented by estimates as not all 
the equipment was metered.
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Actual figures obtained were:
Date Hot
Meals
Prep.
Cooking
Gas
MJ
Cooking
Elec
MJ
Cost
Gas
£
Cost
Elec
£
Total
Cost
£
15 Dec '82 1,084 3,123 252 9.92 3.71 13.63
20 Dec '82 1,076 3,497 256 11 .10 3.77 14.87
21 Dec '82 1,086 3,448 292 10.95 4.30 15.25
10 Jan '83 1,039 2,857 274 9.07 4.03 13.10
TOTAL 4,285 12,925 1,074 56.85
The cost figures are based on 1983 energy price comparison 
figures:
Electricity = 1.4722 p/MJ 
Gas = 0.3175 p/MJ
The electric servery equipment was obtained by metering one 
major piece of equipment and by applying data obtained 
elsewhere.
The cost per day was:
Rated Hours Energy Cost/day
MJ/h used/day used/day*MJ £
Equipment 
Heated Unit )
Bain Marie (3) )
Lowerators (5) )
Lamps )
^Thermostats reduce the rated energy by approximately 50%
97.5 4.5 220 3.24
The figures do not include lighting, space heating, hot water 
and dishwashing.
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The total daily cost for food storage, preparation cooking and 
service:
Storage and preparation
Cooking
Serving
£0.60 
£14.21 
£ 3.24
Average meal production is 1,071 hot meals per day 
Cost per meal (0.4kg) 1.69p
" per kg 4.23p (plus the costs
detailed above)
2.2 Wasteful Practices Observed 
Equipment 
Kitchen 
Hot Cupboards
Wasteful Practices Observed
Switched on too soon. Doors 
open - heat on
Bratt pans Top left open
Boiling liquids - top open
Bains-marie Running long periods due to 
early preparation of meal items
Solid top range No lids on pans
Top on full continuously
Bullseye removed for fast
heating
Salamanders Grill pans too small 
Left running - not used
Open top range Jet on continuously to light 
tapers
Large gas boiler Boiling - lid open
Convector ovens - Gas No automatic fan cut out when 
doors open
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Atmospheric steamers
Jacketed boiling kettles
Left on - empty 
Used when a pressure steamer 
(which was broken down) would 
have been more appropriate 
Left-on door ajar
Distorted top would not close 
Top open-boiling operating at 
reduced pressure
Grill bar equipment 
Fryer Left on - not loaded
Grill Left on - not loaded, grill pan 
did not cover whole radiated 
area
Boiling top Left on - not loaded. Switched 
on too soon
3. Conclusions
This operation was a typical contract catering establishment. 
Energy was not measured, considered nor costed. Nor did it
represent a major charge at the time of study.
A considerable amount of heat was used to produce a large
number of meals. Little heat entered the food, most of it was
extracted and discarded.
The operation used dated, large capacity equipment. Equipment 
was over provided, fortunately, as it turned out since 
breakdowns were frequent. The low energy bill meant that 
equipment modernisation could not be justified by energy savings 
alone.
If this type of operation is to save energy a pre-requisite will 
be the provision of information to the Management. Energy use 
will need to be measured and costed so that it becomes a 
budgeted target figure, in the same way that food, labour and 
consumable items are budgeted.
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4. Equipment Details
Equipment List ( ) = estimated figure
Equipment Fuel Rating
MJ/h
Physical
Capacity
Storage
Walk in refrigerator 
Walk in deep freeze 
Cabinet refrigerator
elec (2.7)
(2.9)
1 .80 
7.4
13.3m:
13.3m:
0.6m:
Preparation 
Pedestal 1
mixer 2
3
Vegetable peeler 
Potato chipper
elec
I
II
It
II
(1.33)
(1.33)
(1.33)
(1.33)
(1.33) 
6.7
Cooking (Main Kitchen)
Bratt Pan 1 
2
Bains-marie 
Solid top range - Top 
Oven
Salamander grill 1 
2 
3
Open top range - Top 
Oven
Large boiler - direct fired 
Convector oven 1 
2
Atmospheric steamer
gas
Deep fat fryer
73.3
73.3
54.3 
424.2
58.9
58.9
58.9
153.6
(80)
93.0
93.0
108.6
93.1
93.1
93.1
93.1
77 litre 
77 litre 
0.9m"
0. 6m" 
0.4m: 
0.3m"
0.7m"
0.13m:
136 litre 
0.18m.: 
0.18%: 
0.28m: 
0.18m:
30 litre
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Equipment Details (continued!
Equipment Fuel Rating
MJ/h
Physical
Capacity
Deep fat fryer 
Boiling kettle
Pressure steamer 1
2
Convector oven
elec
93.1
93.1
9.0
9.0
86.4
86.4 
50.0
30 litre 
145 litre
I
0.23%:
I
0.19%:
Cooking (back-bar-works 
canteen)
Salamander grill gas
Fryer 1 "
2 "
Boiling top "
Under-fired griddle elec
58.9
55.8
55.8 
68.2 
21 .6
2,385.1
0.27m"
14 litre
I
4 ring 
0.36m"
Service (works canteen)
Hot cupboard 1 
2
Heated display unit 
Bains-marie/hot cupb/fridge 
Double lowerator 1
2
3
4
5
Bains-marie/hot cupboard 
Bains-marie/hot cupb/fridge 
Refrigerated cabinet/salads 
Tea urn
Milk dispenser 
Lamps for hot display
gas
elec
62.0 
62.0 
1 .8  
25.2
3.6
3.6 
3 .6
3.6
3.6 
15.8
25.2 
1 .1 
18.0 
2.0 
11.7
0.85m:
27 litre 
14 litre
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Equipment Details (continued)
Equipment Fuel Rating
MJ/h
Physical
Capacity
Service (executive 
dining rooms) 
Bains-marie/hot cupbd 
Lamps for hot display 
Water boiler
elec 39.6
5.9
10.9
299.1
23 litre
Dishwashing 
Conveyor dishwasher elec 
+ steam 
Pre-heat
43.2
Utilities
Hood extractor fan 1
2
Garbage crusher
elec 5.4
5.4 
7.6
Lights
Canteen
Executive dining room 
Senior dining room 
Kitchen 
Other areas
21 .6  
6.9 
8.6 
4.0 
8.6
48
24
30
14
19
Space heating - part of central 
factory services. Not sub-metered
68.1 +
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APPENDIX 1b
CASE STUDY B
Large Fast Food Operation 
Introduction
The unit studied was located in a major city. It was modern, purpose 
built, incorporated the latest equipment and had a large throughput of 
a limited choice hamburger type meal. It formed part of a large chain 
of similar units.
1. Operational Details
1.01 Nature of Operation 
Fast food.
1.02 Dates
Studied Saturday 11.6.83 - busiest day
Sunday 12.6.83 - least busy day
Sales turnover breakdown Sunday
Monday
Tuesday
Thursday
Friday
Saturday
%
5
14
14
Wednesday 14
18
15
20
1.03 Physical Size
Kitchen 95 m" 251 m
Restaurant 1 88 m" 232 m
Restaurant 2 153 m" 373 m
100
105 -
1.04 Installed Capacity
Storage
Preparation
Cooking
Service
Dishwashing
Utilities
full list in 4. 
MJ/h 
23 
20 
589 
82
566
1.05 Staffing
5 supervisory 
16 full time
30 part time (average 16 hrs per week)
1.06 Meal Classification
The food was pre-prepared, largely frozen and subject to 
stringent portion control. The cooking methods were broiling 
(over and under grilling), together with toasting and deep fat 
frying.
1.07 Quantities 
Sunday 
Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
Saturday
750 meals 
2,100 
2,100 
2,100 
2,700 
2,250 
3,000
15,000 meals per week 
Weight of food 0.40 kg/meal = 6,000 kg/week
1.08 Hours
Monday - Saturday 
Sunday
Maximum Demand
0800-2330
1000-2330
1200-1300
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1.09 Maintenance
Part fixed contract and part provided by the unit. All 
equipment was functional.
1.10 Finance
Energy costs were charged direct to the unit as part.of 
operating expenses.
1.11 Special Characteristics
The unit had a high peak load at lunchtime. It employed large 
capacity equipment, often running empty or lightly loaded, 
continuous lighting was needed due to lack of natural light. A 
lack of natural ventilation produced high air conditioning 
costs.
2. Results
2.1 Energy usage and food production
The gas and electricity bulk figures were read in conjunction 
with the meal production rate per hour. The following table 
illustrates this relationship for the busiest day.
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HOURLY RUNNING FIGURES
Time ElecMJ GasMJ TotalEnergyMJ
MealsSold
0700-0800 hrs 212 296 508 -
-0900 223 197 420 -
-1000 256 197 453 38
* -1100 202 296 498 52
-1200 317 394 711 206
-1300 331 493 824 478
-1400 367 493 860 543
-1500 346 493 839 495
-1600 299 394 693 366
-1700 306 296 602 227
-1800 299 296 595 159
-1900 288 296 584 72
-2000 256 197 453 128
-2100 274 197 471 49
-2200 284 296 580 46
-2300 245 296 541 79
-2330 162 99 261 35
-2400 72 31 103 -
-0100 It II I -
-0200 It II II —
-0300 I I I -
»»•» -0400 I 1 II -
-0500 I II II -
-0600 I II II -
-0700 1 II I -
-0800 I II I -
Recorded Saturday 16 June 1983.
* second hamburger production line lit up 
** switched off
night figures are averaged
— 1 08 —
Busiest Day Least Busy Day
Gas MJ 5,614 3,316
Electricity MJ 5,400 4,060
Meals produced 2,989 750
Cost gas* £17.82 £10.52
Cost electricity* £79.50 £59*77
Cost total £97.32 £70.29
Cost/meal 3.26p 9*37p
Cost/kg 7.94p 22.86p
Average meals/day 2,143
Average cost/meal 5.57p
* using 1983 energy prices 
Electricity = 1.4722 p/MJ 
Gas = 0.3175 p/MJ
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2.2 Scope for Energy Savings
Some minor savings were possible in areas such as air 
conditioning and lighting.
The broilers exhausted a considerable quantity of energy and 
heat pump recovery may be a possibility. However, it was 
understood that the benefits do not justify the costs at the 
time of study although future higher energy prices may alter 
this situation.
2.3 Energy Breakdown
Energy is probably used in some proportion to installed capacity 
- see 1.04. No other information could be obtained.
3. Conclusions
3.1 Several Conclusions
The nature of the operation precluded major energy savings. A 
large capital investment had been made in a process which was 
energy wasteful, but since total energy costs were less than 5% 
of sales and since almost half the energy was used in heating 
and cooling the premises, energy savings did not have a high 
management priority.
However, the operation has a highly motivated management who are 
keen to control costs so as to meet budget targets. Energy 
costs tended to be lost in a larger accounting category of 
operating expenses and although management read the meters it 
was not aware of energy charges. As in all other locations 
studied the first step towards energy saving must lie in 
providing cost information for the people who control energy 
usage.
3.2 Potential for Energy Saving
At this unit very little - see 2.2.
3.3 Possible Courses of Action to Reduce Energy Consumption
In food production these would involve equipment changes, but 
the high cost of special purpose catering equipment could not be
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justified by energy savings alone. Space heating, cooling and 
lighting provide a more fruitful area for savings. Management 
are already working towards computerised load shedding at 
maximum demand periods. This must be a sensible course of 
action.
4. Equipment Details
Equipment Fuel Rating
MJ/h
Physical
Capacity
Storage
Walk in fridge elec (7.2) 10 m:
Walk in deep freeze It (12.7) 16 m:
Chicken freezer 1 II 0.9 0.2 m:
2 II 0.9 0.2 m:
Ice cream fridge II (1.0) 0.12 m:
Preparation
Bulk ice maker elec 9.0
Cola Carbonation Plant I (10.8)
29.8
Cooking
Chip Dump 1 elec 5.8
2 II 5.8
Fryer 1 gas 36.9 14 litre
2 II 36.9 II
3 II 36.9 I
4 II 36.9 II
Fryer small 1 II 29.0 10 litre
2 II 29.0 I
3 II 29.0 II
4 I 29.0 I
Conveyorised broiler 1 gas/elec 144.5
2
Fridge/heat Top/
11 144.5
Heated bunchute 1 elec (11.5)
2 II (11.5)
Chicken dump 1 elec 1.0
2 I 1 .0 
589.2
Service
Milk cooler elec 1 .5
Hot chocolate dispenser II 5.4
Juice cooler II (1.5)
Milk shake maker 
Coffee/Tea/Hot water
I (1.5)
dispenser 1 II 3.6
2 I 3.6
81 .9
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Equipment Details (continued)
Equipment Fuel Rating
MJ/h
Physical
Capacity
Dishwashing (paper disposable used)
Utilities
Extractors - broilers 2 elec (5.4)
fryers 2 If (5.4)
T.V. Cameras I 0.2
Compactor I 8.5
Music I 0.5
Tills 10 I (1.8)
Hot water system/ 
heating gas 350
Air conditioning elec (130)
Lighting (main areas) II 47
(display) I 7.2
556
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APPENDIX 1c
CASE STUDY C
Medium Sized Employee Canteen 
Introduction
This was an interesting study since the kitchen contained the usual 
range of heavy duty catering equipment but was all electric due to 
the non-availability of gas.
The high energy costs which would normally ensue from higher 
electricity charges were reduced by an energy conscious manager, who 
had produced energy awareness amongst staff. Only the minimum amount 
of heat was used and the result was a kitchen which was noticeably 
clean and cool.
1. Operational Details
1.01 Nature of the Operation
Employee catering with one kitchen serving a works canteen and 
a staff restaurant. The unit was located on an isolated site 
with a constant meal production figure per day.
1.02 Dates
Studied on 4 representative days between 28 March and 1 April 
1983.
1.03 Physical Size 
Kitchen 128 m" 389 m
468 m" 1,926 m
464 m" 1 ,414 m
Works canteen    ^
Staff restaurant
1.04 Equipment - installed capacity
MJ/h
Storage 11
Preparation 8
Cooking 675
Service 170
113
1.05 Staffing
1 manager
3 cooks
2 assistant cooks 
2 trainee cooks
1 general assistant
1 waiter
2 cashiers
2 kitchen porters
4 catering assistants
18 in total
1.06 Meal Classification
Meals were prepared from fresh ingredients to traditional 
recipes. There were three main meal choices plus a variety of 
salads.
1.07 Quantities
Day Meal Numbers Weight (kg)
1 274 109.6
2 283 113.2
3 239 95.6
The survey average of 0.4 kg per meal was assumed.
1.08 Hours
Hours of operation 0800 - 1630 
Maximum demand period 1200 - 1330
1.09 Maintenance
Presently carried out by works maintenance staff although a 
maintenance contract was being negotiated. The equipment was 
all functioning and in good condition.
1.10 Finance
The meals were subsidised by the employer. The electricity was 
not sub-metered but was contained within a larger works figure 
and was not included in the meal cost. The labour and food 
costs were carefully controlled.
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1.11 Special Characteristics
The kitchen and canteen catered for out of hours functions such 
as retirement parties. This necessitated food preparation in 
the afternoon period. The energy use for these functions was 
disregarded, only the energy used for lunch time service has 
been considered.
2. Results
2.1 Energy Usage and Food Production
Day Hot
Meals
Prepared
Energy
MJ*
Cost Elec 
£**
1 274 1 ,700 25.02
2 283 1,758 25.88
3 239 1 ,778 26.18
796 5,236 77.08
* excludes heating, dishwashing, hot water but includes 
storage and lighting 
** based on 1983 energy prices:
Electricity = 1,4722* p/MJ
Average figures are:
MJ per meal 6.58 (* see above)
MJ per kg 16.50
Cost per meal 9.68p
Cost per kg 24.21p
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2.2 Wasteful Practices Observed
Equipment
Bains-marie - staff canteen
Salamander Grill
Pass through Hot Cupboard 
Bains-marie - works canteen 
Most pieces of equipment
Wasteful Practice 
switched on at 0800 
for 1,200 meals service 
tray did not cover radiated 
area
door open, heat on for one hour 
door open - heat on 30 mins 
running but unloaded (see 2.3 
following)
(coramendably few instances of waste due to the energy awareness 
of the manager and his staff).
2.3 A significant waste of energy was caused by running equipment 
empty or only partially loaded. This is illustrated below:
Equipment % of time 
running empty
% full, when 
running loaded
Hot Cupboard 1 32 37
2 26 54
Boiler 1 0 41
2 0 53
Bratt Pan 50 100
Small Fryer 76 92
Middle Fryer 64 100
R.H. Fryer 59 100
L.H. Solid Top - top 31 61
- bottom 57 50
Middle Solid Top - top 6 70
- bottom 75 42
R.H. Solid Top - top 4 71
bottom 67 56
Steamer 0 91
Convector Oven 26 56
Salamander 42 89
Range 0.76% Range 37-100%
Average 36% Average 68%
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There is possibly some scope for reducing the 'on, running empty' 
figure. The Figure of 68% full when running compared favourably with 
other locations. It was an indication of a possible area of saving, 
namely the use of alternative smaller capacity equipment more fully 
loaded.
2.4 Energy Usage
Energy usage per area of operation was:
Area Energy Usage
MJ
Storage 156
Preparation 2
Cooking 939
Service 382
Dishwashing not measured
Utilitites 266
The following energy usage is not included: heating,
ventilation, domestic hot water, dishwashing.
3. Conclusions
3.1 General Conclusions
The unit represented a typical employee catering situation where 
energy was not measured nor costed. It was atypical in that the 
catering manager was energy conscious and used the minimum 
amount of energy necessary to operate the equipment in an 
efficient manner. If gas had been the main fuel the energy cost 
per meal would have been very low. Electricity being a more 
expensive fuel gave a relatively high cost per meal.
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4. Equipment Details
Equipment List (all equipment electric!
Equipment Rating MJ/h(est) Physical Dimensions
Storage
Freezer - upright 
Freezer - chest 1
(0.9)
(0.9)
2 (0.9)
Fridge - upright (0.9)
walk in (7.2)
10.8
7.5 m3
Preparation
Hobart Mixer 1 (2.9)
2 (1.5)
Chipper (1.3)
Peeler (1.3)
Bun Slicer (1.0)
8.0
Cooking
Salamander Grill 1 27 0.28 m"
2 27 It
Boiler 1 52 152 litre
Boiler 2 52 IT
Bratt Pan 38 86 "
Single Deep Fat Fryer 36 16 "
Double " " " 1 72 25 "
2 72 25 "
Solid Top Range 1 - top 41 0.4 m^
oven 20 0.2 m3
" " " 2 -  top 41 11
oven 20 It
" " " 3 -  top 41 It
oven 20 It
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Equipment Details (continued)
Equipment Rating MJ/h(est) Physical Dimensions
Atmospheric Steamer 
Convector Oven 
Electroway Fryer 
Electroway Griddle 
Electroway 2 Ring Boiling Top
32
43
(20)
(7)
(14)
675
0.2 m3 
0.2 m3
0.2 m2
Service
Hot Cupboard - works servery
- staff restaurant 
Soup Dispenser 
Bains-raarie 1 lamps 
top
hot cupboard
If 2
(14)
(14)
3.6 
5 
9
12
5
9
12
5
9
12
(4)
12
(4)
(9)
12
3.6
3.6
3.6 
170.4
Lowerator (double) 1
2 
3
Dishwashing
Utilities
Lighting - kitchen 11.5
~ works canteen 15.6
- staff restaurant 17.3
Space heating
Steam heating - hot drinks )
- bains-marie) included
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OVERALL MONITORED EQUIPMENT CONSUMPTION
CASE STUDY C
50_
125.
100_
75.
50_
25.
0 .
8 ~r9 10 1 1 12 13 H
00 HOURS
121 -
APPENDIX Id
CASE STUDY D
Public House Restaurant
Introduction
This unit was a large tied public house containing a carvery 
restaurant providing lunch time service. The carvery with its 
associated kitchen was the subject of the study.
The roast meat and poultry for the carvery were cooked by a 
proprietary system which employs a low temperature oven operating for 
a long period. This gave a tender product with low weight loss.
1. Operational Details
1.01 Nature of the Operation
The unit supplied largely roast meals which were cooked by a low 
temperature process (Halo Heat) and carved to order in the 
restaurant. Sweets were both made in and purchased. The 
restaurant served about 90 covers at lunch time with up to two 
sittings.
1.02 Dates
The operation was metered over 26 working days during December 
1982 and January 1983. It was not monitored by direct 
observation.
1.03 Physical Size
Kitchen 84m^ 256m^
Restaurant 252m^ 768m^
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1.04 Rated Capacity (see 4}
MJ/h
Storage 4.7
Preparation
Cooking 464.8
Service 12.7
Dishwashing 37.8
Utilities 31
(Excluding heating, ventilation and hot water supplies)
1.05 Staffing 
Manager
Manager’s wife
16 part-time staff members (included bar staff)
1.06 Meal Classification 
Fresh meat
Fresh prepared vegetables 
Some bought in sweets
1.07 Quantities
An average of 91 meals per day for the period studied.
The survey average of 0.40kg per meal has been used in 
subsequent calculations. More meat was served in this operation 
but this is offset by lower vegetable and sweet weights.
1.08 Hours of Operation 
1200-1430
Max demand 1230-1400
1.09 Maintenance
Carried out as needed by manufacturers, a contract gas engineer 
and the area boards. The gas flame efficiency was satisfactory 
but air undersupply was present.
1.10 Finance
The unit was a Managed House with energy bills paid by Head 
Office and taken into account when calculating the unit’s 
profitability.
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1.11 Special Characteristics
The unit was unique in the survey in that a high efficiency low 
temperature oven was used to prepare the meat dishes.
It is known that commercial catering uses up to 4.5 times the 
energy of domestic cooking for the same product. Since this is 
in effect a scaled up domestic kitchen a low energy per meal 
figure was expected, compared with the other units in the 
survey. This was not achieved in practice (see conclusions in 
Section 3).
2. Results
2.1 Energy Usage and Food Productions
Cooking Cooking/serving Cost Cost Total 
Meals Weight gas elec gas elec gas
sold kg MJ MJ £ £ £
2,357 942.8 12,323 7,582 39.13 111.62 150.75
The cost figures are based on 1983 energy prices.
Electricity = 1.4722p/MJ 
Gas = 0.3l75p/MJ
The above figures include the servery equipment.
Average number of meals/day 91 Cost per day £5.80
Cost per meal produced 6.40p
Cost per kg 15.99p
2.2 Wasteful Practices Observed
No continuous observations were made and no wasteful practices 
were observed during the two brief visits made to the premises
other than a marked underloading of the equipment and ’soft' gas
flames.
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2.3 Quantity of Energy Wasted 
Likely to be moderate.
2.4 Energy Usage
The nature of the metering did not allow for a detailed 
breakdown.
3. Conclusions
A low energy figure per meal was expected for this type of 
kitchen. Instead a relatively high energy usage per meal was 
found. (8.45MJ/meal). The following comments are relevant.
The energy cost is low in comparison with the mark up on food 
cost and the total customer spend. It is thus less important in 
this type of operation than say in large scale employee or 
welfare catering where the meal price is low. Food sales in a 
public house also increase liquor sales, further decreasing 
energy cost as a percentage of sales.
Some of the cooking was done by electricity which has shown in 
Case Study C to have a marked effect on increasing energy costs.
Atmospheric steaming is a low efficiency process. Here it was 
used for potatoes and vegetables. It triples the cooking time 
compared with boiling and is even more wasteful in comparison 
with pressure cooking.
The range in the kitchen was very large. The top has a rating 
of 144,000 Btu/h and a similar high oven rating. The large 
capacity range and the steamer are both capable of producing 
much more food than they are required to do, hence they operate 
under capacity and are likely to be inefficient. Underloading 
of equipment is likely to be the major waste area in this 
kitchen.
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4. Equipment Details
Equipment List ( ) = estimated
Equipment Fuel Rating
MJ/h
Physical
Capacity
Storage 
Cold Room 
Refrigerator
elec
Tl
2.9)
1.8 )
10.0m:
0.6m:
Preparation
Cooking
’Halo Heat’ Oven 
Range (Convector Oven) 
Salamander Grill 
Atmospheric Steamer
elec
gas/elec
gas
gas
9.0
303.8 
58.9 
93.1
464.8
0.079m:
1.16m:
0.3m^
0.07m:
Service
’Halo’ Holding Oven 
Hot Plate/Cabinet/Lamps 
Salad Cooler 
Wine Chiller 1 
2
elec 3.6
7.2
0.9
0.5
0.5
12.7
0.07m:
0.94m^ 
1.1m=
Dishwashing 
Elframo Dishwasher elec 37.8
Utilities 
Lighting 
Space Heating 
Hot Water
elec
gas
(31
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APPENDIX le
CASE STUDY E
Employee Canteen - Department Store 
Introduction
The unit studied was a staff canteen in a large multiple Department 
Store in the South of England. The kitchen used mainly gas heated 
equipment backed by electric storage and service facilities. There 
was a limited choice conventional menu which was subsidised by the 
employer. The kitchen also served a small executive dining room.
1. Operational Details
1.01 Nature of the Operation
The unit produced traditional hot meals plus a choice of 
salads. The food was subsidised by the employer to provide a 
very cheap meal. Both fresh and convenience foods were used 
and food was prepared well in advance of service, then kept hot 
in a gas fired bain marie.
1.02 Dates
The unit was studied on 3 representative days in April 1983.
The demand was steady Monday-Friday, rising on Saturday when 
part-time staff were employed.
The low prices and good quality of the food meant that most 
staff availed themselves of the facililty.
1.03 Physical Size
Kitchen 98 m^ 239 m^
Restaurant 253 m^  760 m^
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1 .04 Installed Capacity - see 4
MJ/h
Storage 3.8
Preparation 0.9
Cooking 633.4
Service 4.8
Utilities 21.3
(Excluding; dishwashing, hot water supplies, heating, 
ventilation)
1.05 Staffing
1 Cook/Supervisor 
5 Full time 
1 Part time 
3 Saturday staff
1.06 Meal Classification
The food served was a mixture of fresh and convenience foods. 
Most was either fresh or purchased in pre-portioned packs.
Gravy, custard and soups etc were bought in convenience catering 
packs, as were the vegetables. Chipped potatoes were purchased 
and deep fat-fried.
1.07 Quantities
190 meals (hot) per day 
92 covers in restaurant 
10 covers in executive dining room
An average figure of 0.4 kg per meal has been assumed.
1.08 Hours
Meal preparation 0830-1400 hrs 
Hot meals served 1130-1430 hrs
The lunch time service was studied and metered.
1.09 Maintenance
Equipment was mainly subject to breakdown maintenance and gas
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flame efficiency was adequate but showing evidence of lack of 
air. A gas leak occurred during the study and was remedied by 
the local gas board. The door seals on the steamer were 
observed to be poor with continuous steam leakage taking place.
1.10 Finance
The energy usage was not directly measured by the unit and the 
energy costs were lost within a larger bill for the store as a 
whole. There was no cost incentive to save fuel, the budgets 
referred to fuel and labour costs only. In the absence of 
metering the cost of energy figures given by the management and 
allocated to the unit are notional estimates only.
1.11 Special Characteristics
The meal service time of 1130-1430 hrs was about one hour longer 
than would normally be expected. It was caused by the need to 
stagger staff meal times to enable the store to operate at 
lunch time. Some extra energy costs must have been incurred, 
especially in the hot holding area of the servery. Equipment 
such as fryers had to be lit early and held hot for extended 
periods.
2. Results
2.1 Energy Usage and Meal Production
Only hot meals have been considered, salads are assumed to have 
little energy content.
Actual figures are supplemented by estimated figures where 
equipment was not metered.
Actual figures obtained were:
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Date Hot
Meals
Prepared
Cooking
Gas
MJ*
Cooking
Elec
MJ#**
Cost
Gas
£
Cost
Elec
£
Total Cost 
£
27.4.83 190** 384 43.7 1.22 0.64 1 .86
28.4.83 190 788 43.7 2.50 0.64 3.14
29.4.83 190 934 43.7 2.97 0.64 3.61
* Includes service bain marie
** No accurate meal figure could be obtained. Neither till
figures nor actual production figures are kept. The figure
of 190 was an estimated daily figure at the time of the 
survey.
Includes Refrigeration but not hot drinks.
The cost figures are based on 1983 figures:
Electricity = 1.4722 p/MJ 
Gas = 0.3175 p/MJ
The figures do not include - lighting, space heating, hot 
water, dishwashing.
The figure obtained on the 27 April was not representtive since 
a gas leak shut down most of the equipment. Using the figures 
for the 28 and 29 April gives the following analysis:
Cost per meal produced = 1.78 p
Cost per kg of food = 4.44 p (plus the costs detailed above)
2.2 Wasteful practices observed
Equipment Wasteful Practice Observed
Bank of Ranges Top Underutilised, pans boiling - no
lids. Burners lit ~ no pans on
oven which was empty.
Atmospheric steamer Door leaking steam
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A significant source of loss lay in running the equipment empty 
or in underutilisation. This is illustrated below.
Equipment % of time 
running empty
% of utilisation 
when running loaded
Ranges Top 33 29
Bottom 42 36
Fryer 1 83 100
2 90 100
Steamer 23 45
Salamander 67 100
Conclusions
An average energy use per meal figure of 3.92 MJ places this 
kitchen in the middle range of energy users. The lack of 
accurate meal production figures is a major disadvantage and the 
overall figure of 3.92 MJ should be used with caution.
Equipment Details 
Large Department Store Staff Canteen
Equipment Fuel Rating
MJ/h
(estimate
Physical
Dimensions
Storage
Vertical Freezer 
New Gastronom Fridge 1
2
3
4
5
6 
7
Chest Freezer
elec (0.48) 
(0.41) 
(0.41) 
(0.41) 
(0.41) 
(0.41) 
(0.41) 
(0.41) 
(0.40) 
(3.75)
0.53 m: 
0.46 m:
ti
0.44 m:
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Equipment Details (continued)
Equipment Fuel Rating Physical
MJ/h Dimensions
(estimate)
Preparation 
Vertical Mixer 0.9)
Cooking
Open Top Range Top 1 
Oven 
Top 2 
Oven
Solid Top Range Top 
Oven
Atmospheric Steamer 
Salamander
Fryer 1
2
gas 58
32
58
32
52.7
32
43.90
52.8 
136 
136 
633.4
0.13 m:
0.13 m: 
0.4 m^  
0.13 m2 
0.24 m:
0.26 m2 
30 litre 
30 litre
Service
Bain maire Top
Cupboard 
Lamps over
Coffee Maker 
Refrigerated display 
Cabinet 
Orange Juice Dispenser 
Squash Dispenser
gas
n
elec
n
n
ti
I
(31.5)
It
6.93
(5.04)
3.42 
(0.56) 
(0.56) 
(48.01)
1.05 m2 
0.44 m:
0.22 m:
Utilities 
Extraction 
Lighting - Kitchen
Restaurant
(5.4)
3.78
12.15
Space heating, ventilation, hot water supplies, dishwashing 
equipment, not included.
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APPENDIX If
CASE STUDY F
Coffee Shop - Department Store 
Introduction
The unit studied was a coffee shop in a large multiple Departmental 
Store in the South of England. Apart from tea, coffee and pastries 
some light hot meals were served consisting of items like jacket 
potatoes, sausage rolls, quiche and cornish pasties. The weight of 
hot food per meal was low and it could be expected that the energy 
consumption per meal would also be low.
1. Operational Details
1.01 Nature of the Operation
The unit served hot and cold beverages with both hot and cold 
meals. It was a continuous operation during the store’s opening 
hours and the main cooking process was a gas fired forced 
convection oven.
1.02 Dates
The unit was studied on 3 representative days in April 1983.
The demand was steady Monday to Friday, rising on Saturday when 
part time staff were employed.
1.03 Physical Size
Coffee Shop Kitchen 168 m^ 485 m^
Coffee Shop 268 m^ 1,228 m^
1.04 Installed Capacity
MJ/h
Storage 7.8
Preparation
Cooking 319.02
Service 40.3
{Dishwashing equipment, hot water supplies, heating, 
ventilation, lighting, not included).
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1.05 Staffing
1 Supervisor 
7 Full time 
4 Part time 
16 Saturday staff
1.06 Meal Classification
A mixture of fresh and convenience foods were used together 
with some frozen foods. The unit served hot and cold snacks 
rather than full traditional meals.
1.07 Quantities
About 55 hot dishes (not meals) per day.
The survey average figure of 0.4 kg per meal is not appropriate. 
After consideration of the weight of food served this was halved 
to 0.2 kg per meal.
1.08 Hours
Continuous operation during store hours.
Main operation 1000 - 1630 hours 
Lunch 1200 - 1430 hours.
1.09 Maintenance
Breakdown maintenance was employed using manufacturers and area 
board engineers. The Blodgett convector ovens were serviced 
under contract, gas flame efficiency was good although 'flabby' 
flames were observed. Some items of equipment were out of 
order, waiting for spares.
1.10 Finance
This was a profit earning cost centre in the total store 
operation. The energy costs were not metered; an assignment of 
energy costs to the catering operation was made on an estimated 
basis.
The staff were not conscious of energy as a budgeted cost which 
needed to be controlled.
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1.11 Special Characteristics
Hot snacks rather than hot meals were produced with meals 
designed to appeal to women shoppers. The operation provided a 
wide choice of good quality and attractively presented food, 
both hot and cold.
2. Results
2.1 Energy Usage and Meal Production
Only hot meals have been considered. Salads are assumed to have 
little energy content.
Actual figures are supplemented by estimated figures where 
equipment was not metered.
Actual figures obtained were;
Date Hot
Meals
Prepared
Cooking
Gas
MJ
Cooking
Elec
MJ
Cost
Gas
£
Cost
Elec
£
Total
Cost
£
27.4.83 55 157.60 176.60 0.50 2.60 3.10
28.4.83 58 108.40 176.60 0.34 2.60 2.94
29.4.83 52 128.05 176.60 0.41 2.60 3.01
165 394.1 529.8 9.05
* Includes storage and service but not hot drinks.
The cost figures are based on;
Electricity 1.4722p/MJ 
Gas 0.3175p/MJ
The figures do not include lighting, space heating, hot water 
and dishwashing.
Cost per meal * produced = 5.48 p 
Cost per kg of food = 27.42 p
(* 0.2 kg)
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2.2 Wasteful Practices Observed
Equipment Wasteful Practice
Blodgett Convector Oven Door badly fitting, heat escape
Ranges Pans boiling - no lids
A major loss lay in running the equipment empty or in 
underutilisation. In fact the high cost of energy per meal 
produced is partly due to using heavy duty equipment to produce 
a small number of meals per day.
This is illustrated below:
2.3
Equipment % time
running empty
% utilisation when 
running loaded
Blodgett Convector
Oven 0 53
Ranges 9 25
Energy Breakdown
Area MJ per day
Storage 23.3
Preparation -
Cooking 131 .3
Service 120.9
Utilities 32.4
(Excluded; heating, hot water, dishwashing).
3. Conclusions
The energy usage per meal was predicted to be low but this was 
not borne out in practice. A high service energy figure caused 
by hot and cold servery equipment inflated the total energy 
bill. The utilities figure under 2.3 was caused mainly by an 
extensive plate clearing system, together with lighting.
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4. Equipment Details
Large Department Store - Coffee Shop
Equipment Fuel Rating
MJ/h
Physical
Dimensions
Storage
Chest freezer elec (0.33) 0.37 m:
Domestic fridge II (0.10) 0.11 m:
Walk in fridge I (4.47) 6.21 m:
Airo-freeze 1 II (0.49) 0.54 m:
2 II (0.49) 0.54 m:
3 II (0.49) 0.54 m:
Airo-freeze It (0.52) 0.58 m:
Vertical display fridge 1 II (0.44) 0.49 m:
2 II (0.44)
(7.77)
0.49 m:
Preparation
Cooking
Open Top Range - Top 
Oven
Open Top Range - Top 
Microwave Oven 
Solid Top Range - Top 
- Oven
Convector Oven
- Auto Cut Out
gas
It
It
elec
gas
gas
elec
58
32
58
4.32
52.70
32
44.80
5.20
319.02
0.13 m: 
0.13 m: 
0.13 m:
0.40 m: 
0.13 m:
0.20 m: 
0.20 m:
Service
Refrigerated Display-
Cabinet 
Vertical Display Fridge
Refrigerated Display
Cabinet
Soup Pot
elec
It
II
II
(0.24)
(0.44)
(0.24)
3.60
0.27 m: 
0.49 m:
0.27 m:
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Equipment Details (continued)
Equipment Fuel Rating
MJ/hr
Physical
Dimensions
Hot Plate - Top
Lamps 
Coffee Maker 1 
2
Milk Dispenser 
Orange Juice Dispenser 
Tea/Coffee Equipment
elec
ti
elec
I
I
I
steam
12.60
4.00
(5.04)
(5.04) 
(0.56) 
(0.56) 
(8.00)
(40.30)
1.39 m=
Dishwashing 
Dishwasher - Heater 
- Motor
elec 21 .60 
1 .73
Utilities 
Extraction 
Lighting - Kitchen
- Restaurant 
Waste Disposer
(whirl-a-waste)
(5.40
7.78
28.10
2.51
Space heating, hot water supplies not included.
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APPENDIX 1g
CASE STUDY G
Restaurant - Department Store 
Introduction
The unit studied was a customer service restaurant serving hot and 
cold lunches plus other food and beverage items located in a large 
multiple Department Store in the South of England. Only hot food 
production was considered in making the energy usage calculations.
1. Operational Details
1.01 Nature of the Operation
The unit served traditional hot meals such as steak & kidney, 
plaice, quiche, plus potatoes and vegetables. Cold meals, 
sweets, soup, beverages. Both fresh and convenience foods were 
used. The food was prepared well in advance of service, then 
held hot in a push through hot cupboard or in bain marie.
1.02 Dates
The studies took place on 3 representative days in April 1983.
The meal demand was steady on Monday - Friday, but increased on 
Saturday when part time staff were employed.
1.03 Physical Size
Restaurant kitchen 92 m^ 224 m^
Restaurant 366 m^  1,463 m^
1.04 Installed Capacity
MJ/h
Storage 4.76
Preparation 12.04
Cooking 480.00
Service 103.58
(Dishwashing and utilities not included.)
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1 .05 Staffing
1 Supervisor 
8 Full time 
6 Part time 
16 Saturday staff
1.06 Meal Classification
The meals were traditional, for example Roast and 2 veg, Curry 
and Fish and Chips. A variety of salads were prepared and a 
large selection of hot and cold sweets were available.
A mixture of fresh and convenience foods was used together with 
some pre~portioned frozen foods.
1.07 Quantities
About 270 meals per day on average were served. There were 96 
covers in the restaurant.
The survey average of 0.4 kg of food per meal has not been 
assumed in subsequent calculations. Instead, an estimate of 
0.3kg meal is made, based on the quantity of food observed and 
the prevelance of single courses.
1.08 Hours
Lunch served from 1130 hrs onwards 
Main service 1200-1400 hrs
1.09 Maintenance
Breakdown maintenance was employed although the convector ovens 
were on contract. The flame efficiency appeared good. It was 
observed that some items of equipment were out of order, waiting 
for spares.
1.10 Finance
The unit was a profit earning cost centre in the total store 
operation. I
Energy costs were not assessed; any assignment of energy costs 
to the catering operation was made on a notional basis only.
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The staff were not conscious of energy as representing a cost 
which needed to be controlled.
1.11 Special Characteristics
This was a normal restaurant operation with a wide choice of 
good quality and attractively presented food. A special feature 
was the rather longer meal service times than would normally be 
expected.
2. Results
2.1 Energy Usage and Meal Production
Only hot meals have been considered. Salads have been assumed 
to have little energy content. '
Actual figures are supplemented by estimated figures where 
equipment was not metered.
The actual figures obtained were:
Date Meals
Prepared
Cooking
Gas
MJ
Cooking
Elec
MJ*
Cost
Gas
£
Cost
Elec*
£
Total
Cost
£
27.4.83 255 472.8 200 1 .50 2.95 4.44
28.4.83 265 413.7 200 1.31 2.94 4.25
29.4.83 280 423.3 200 1 .34 2.94 4.28
800 1,309.8 600
* Includes storage and service but not hot drinks.
The cost figures are based on 1983 prices.
Electricity = 1.4722p per MJ 
Gas = 0.3175p per MJ
The figures do not include lighting, space heating, hot water, 
dishwashing.
Cost per meal produced = 1.62 p
Cost per kg of food = 5.40 p (plus listed costs above)
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2.2 Wasteful Practices Observed 
Equipment 
Oven Convector 
Fryers
Boiling Table
Wasteful Practice 
Long warm up period
U It • It It
Pans on lids
A significant loss occurred because equipment was run empty or 
was underutilised. This is illustrated below:
Equipment % time
running empty
% utilisation when 
running loaded
Bain marie 19
Hot Cupboard 44
Soup Pot 25
Convector Oven 1 38
2 59
Fryer 1 75
2 67
Boiling Top 6 Burner 18
100
67
100
44
43
75
85
64
2.3 Energy Breakdown 
Area 
Storage 
Preparation 
Cooking 
Service
MJ/day
14.4
36.0
439.5
104
Dishwashing, utilities, heating and ventilation not included.
3. Conclusions
The energy value per meal produced was abnormally low in this 
study. The reasons which can be advanced in order to explain 
this are:
low food weights, a meal at this location might be of 
less significance than the average meal in the study. In 
fact 0.3 kg rather than 0.4 kg per meal has been assumed, 
the extensive use of convenience foods, 
menu choices such as Plaice and Salad being classified 
as hot meals.
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the percentage of single courses, ie no soup or sweet 
taken with a meal.
the high proportion of female customers who did not order 
heavy meals.
the difficulty of obtaining meal production figures. The 
till and accountancy information did not lend itself to 
the abstraction of the information needed by the study.
4. Equipment Details
Large Department Store Restaurant
Equipment Fuel Rating
MJ/h
(estimate)
Physical
Dimensions
Storage
Vertical Fridge 1 elec (0.50) 0.56 m^
2 n (0.50) tt
3 n (0.50) It
4 ti (0.50) tt
5 It (0.50) tt
6 u (0.50) tt
7 It (0.50) tt
Fridge Freezer tt (0.25) 0.28 m"
Refrigerator It (0.25) 0.28 m3
Chest Freezer 1 tt (0.38) 0.42 m3
Preparation 
Ice Maker 
Ice Maker
2 ti
elec
tt
(0.38)
(4.76)
6.04
(6.00)
(12.04)
tt
Cooking
Fryer 1 gas 135 30 litre
2 It 136 rt It
Steamer elec (7.2) 0.043 m3
Jacketed boiler tt (7.2) 4.6 litre
Boiling top gas 104 6 burner
147 -
Equipment Details (continued)
Equipment Fuel Rating Physical
MJ/h Dimensions
(estimate)
Convector Oven gas/elec
?t Tt
44.8
44.8 
480)
0,21 m3 
0.21 m3
Service
Refrigerated Top 
Ice Filled Lamps 
Over
Refrigerated Top 
Ice Filled No 
Lamps Over 
Lowerator
Bain marie Top
Cupboard
Lamps
Hot Cupboard (Soup Plates! 
Soup Pot
Foster Gastranom 
Hot Cupboard 
Tea Maker 1
2
Squash Dispenser 1 
2
3
4 
1 
2 
1 
2
Milk Dispenser
Coffee Maker
Push Through Hot 
Cupboard
elec
elec
0.58
0.58
3.6
42.5
42.5 
4.0
7.2
3.6
(7.2)
5.04
5.04 
(0.56) 
(0.56) 
(0.56) 
(0.56) 
(0.56) 
(0.56)
(5.04)
(5.04)
(18.0)
(103.58)
1 .0 m= 
0.57 m3
0.57 m3
2.4 m3
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Equipment Details (continued)
Equipment Fuel Rating Physical
MJ/h Dimensions
(estimate)
Dishwashing
Dishwasher on Conveyor 
System elec/steara
Utilities
elec
I
Lighting Kitchen
Restaurant 
Extraction
Hot water, space heating not included.
6.4
23.1
(5.4:
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APPENDIX 1h
CASE STUDY H
Staff Canteen - Large Hotel 
Introduction
This unit was a staff canteen in a large city centre hotel.
Breakfast, lunch and an evening meal were provided for staff free of 
charge during their duty periods. Most staff availed themselves of 
the service so that there was a more predictable meal uptake than 
would normally be found in employee catering.
1 . Operational Details
1.01 Nature of the Operation
The unit served breakfast, lunch and an evening meal with tea, 
coffee and squash provided at breaks. There was a limited 
choice menu. The restaurant used 124 covers to serve 410 
employees. The kitchen was one of four operating in the hotel,
1.02 Dates
The unit was observed on the 26, 27 and 28 January 1983
1.03 Physcial Size
Kitchen and wash-up area 
Restaurant
96 m^  
188 m*
249 m3 
573 m3
1.04 Rated Capacity - full list see 4.
MJ/h
Storage 7.78
Preparation 3.01
Cooking 665.30
Service 90.72
Dishwashing '7V
Utilities 12.1 1
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1.05 Staffing
1 restaurant manageress 
1 chef
6 other staff
1.06 Meal classification 
Fresh meat
Fresh and convenience green vegetables 
Fresh steamed and fried potatoes 
Some convenience foods
1.07 Quantities
20 - 30 breakfasts 
250 lunches
Evening meal not measured.
The survey average of 0.40 kg of food per meal has been used in 
subsequent calculations.
1.08 Hours of Operation
The canteen was staffed between 0630 and 2000 hours.
Breakfast 0730 - 0830 hours
Lunch 1130 - 1430 hours
Evening Meal 1730 - 1900 hours
1.09 Maintenance
The hotel maintenance department provided a breakdown service. 
The equipment was all functioning.
1.10 Finance
Staff meals were provided free of charge to staff on duty.
Energy costs could not be allocated directly to the four 
restaurants operating on the premises. The total gas 
consumption for the four kitchens was known, but the electricity 
figures were not.
During the study the staff canteen gas consumption was 
sub-metered, whilst the electricity consumption was measured 
from an area meter, subtracting a known non-catering lighting 
load from the total consumption.
- 153
1.11 Special Characteristics
A predictable demand and known times of customer arrivals led to 
an efficient, smooth running unit.
The unit was unusual in having a large electric convector oven 
(135 MJ/hr) which might be expected to increase the energy cost 
per meal.
Some of the equipment (boiling kettles, servery unit) was steam 
operated. In the absence of metering, calculated figures have 
been used).
2. Results
2.1 Energy Usage and Meal Production
Meals Steam & Gas Electricity Cost Cost Total
Pro- Consumption Consumption Gas Elec Cost
duced MJ MJ £ £ £
820* 2876 1080 9.13 15.90 25.03
* includes 80 breakfasts.
The cost figures are based on 1983 energy prices.
Electricity = 1.4772p per MJ
Gas = 0.3175p per MJ
These figures do not include dishwashing, hot water nor space
heating but do include lighting.
The cost per meal is thus 3.05p
The cost per kg is thus 7.63p
2.2 Wasteful Practices Observed
Equipment Wasteful Practice
Boiling Kettles Lids often open when boiling
Solid Tops Pans - no lids when boiling on
continuously - sometimes not loaded. 
Often underloaded. Unground pans. 
Bullseye raised - badly fitting.
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Equipment
Fryer
Bain-Marie kitchen 
Extraction fans
Electric convector
Wasteful Practice
Loaded to 50% capacity 
One pan rather than 2 
Runs continuously. Often underloaded 
or running empty.
Work continuously stripping heat from 
continuously running equipment. Might 
be temperature switched.
Large and inappropriate piece of 
equipment using an expensive energy 
source.
General Points
Equipment switched on too soon, warm up periods overestimated. 
Equipment left on when not in use, often no visible indication 
to the staff that it is running.
Atmospheric steaming of potatoes and vegetables; slow and 
energy inefficient.
Doors left open - on both the hot and cool cabinets.
Food prepared well in advance of service, then kept hot.
This represented a typical pattern of operation and similar 
problems have been found in most units studied.
Other savings might be possible by changing the equipment or 
working practices mentioned under 2.2.
However a major waste of energy in this and other kitchens 
studied lies in the underloading of the equipment. The 
following figures illustrate this. They were obtained by 
regular observations in which the equipment was classified as 
0, 25, 50, 75 or 100% loaded.
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Equipment % of time 
running empty
% full when running
Boiling pans 4 39
Steamers 50 27
Solid top ranges
Top 48 33
Oven (not in use during study days)
Deep fat fryer 59 86
Bratt pan (hardly used during study days)
Electric convector oven 0 41
Bain-marie 17 42
Canteen servery
equipment 46 57
Range 0-59% Range 27-86%
Average 32% Average 46%
There will be some scope for reducing the 'on running empty' 
figure. The figure of 46% full when running is below other 
kitchens observed and indicates a kitchen over-provided with 
large capacity equipment.
2.3 Energy Usage
No breakdown of energy per area of operation can be given 
because of the blanket measuring of electricity consumption.
3. Conclusions
The cuisine and equipment are comparable to Case Studies A and 
C, both employee catering operations. The results are similar 
although Case Study A recorded a slightly lower energy usage per 
meal figure which probably reflects the effect of scale.
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4. Equipment Details
Equipment List {) = estimated
Equipment Fuel Rating
MJ/h
Physical
Capacity
Storage
Cold cabinet 
Ice cream fridge 
Walk in fridge 
Walk in freezer
elec (0.72)
(0.72)
(2.60)
(3.74)
7.78
0.15 m3
3.60 m3 
4.16 m3
Preparation 
Pedestal mixer elec 2.01 
(1 .0 0) 
3.01
Cooking
Boiling kettle 1 
2
Low pressure Steamer 1
2
Solid Top 1 Top 
Oven 
Solid Top 2 Top 
Oven 
Deep fat fryer 
Brattpan 
Convector oven 
Toaster
steam
Tt
gas
II
II
II
I
I
II
II
elec
II
(52.00)
(52.00)
(53.00)
(53.00)
(54.00)
(32.40)
(54.00)
(32.40)
(70.00) 
(62.00) 
135.00
15.50
665.30
0.16 m3
II
0.17 m3
I
2.29 m= 
0.15 m3
2.29 
0.15 m3 
0.28 m3 
0.07 m3 
0.35 m3 
8 slice
Bain-marie
Hot cupboard
Tea/vending machine
Coffee
Milk cooler
Squash cooler
Lowerator
elec
steam
elec
I
II
II
I
(42.00) 
(14.40)
(1 5.0 0) 
(0.36) 
(0.36) 
(0.36)
3.6
90.72
0.14 m3 
0.23 m3
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Equipment Details (continued)
Equipment Fuel Rating Physcial
MJ/h Capacity
Utilities
Lighting elec 12.1
Space heating; ventilation, dishwashing, 
hot water supplies not included.
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APPENDIX 11
CASE STUDY I
High Class Restaurant - Large Hotel 
Introduction
This restaurant was located in a five star hotel and produced food of 
the highest quality. The kitchen was French in inspiration and the 
staffing was lavish and was provided with ample equipment, the aim 
being to provide a rapid response to 'cooked to order' items from a 
wide choice menu.
Of all the kitchens studied it is to be expected that this would be 
the least energy efficient. The equipment was run continuously; 
mostly unloaded so that there would be no delay when orders are 
received. However, the energy bill was insignificant in comparison 
with the staff cost and the price of the menu items to the customer.
1. Operational Details
1 .01 Nature of the Operation
A high class restaurant with an extensive a la carte menu.
The restaurant was needed so that the hotel could retain its 
five star status. It was underutilised and at the time of the 
study operating at about 40% of its full capacity or less.
The restaurant serviced 75 covers.
1.02 Dates
The operation was studied on 4 and 5 February 1983.
1.03 Physical Size
Kitchen 66 m^ 160 m^
Restaurant 134 m^ 325 m^
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1.04 Equipment - Installed Capacity
MJ/h
Storage 4.2
Preparation 18.0
Cooking 508
Service 7
Utilities 17.4
(Dishwashing and hot water supplies not included)
1.05 Staffing 
1 Chef
6 Staff
1.06 Meal Classification
The meals consisted of classical dishes prepared to order from 
high quality fresh ingredients. There was a wide menu choice 
and no convenience foods were employed. Each evening a variety 
of fresh sauces were prepared and held in readiness in case of 
need.
1.07 Quantities
Day__________________ Meal Numbers_______________Weight
1 38 22.8 kg
2 31.8 kg
The study average of 0.4 kg per meal has been increased to
0.6kg since very large portions of meat, poultry, lobster etc 
are given, and expected in view of the high charges.
1.08 Hours
Hours of operation 1600 to 1800 hrs preparation and staff meal
1900 to 0100 hrs customer service 
peak demand 2100 hrs onwards
1.09 Maintenance
This was carried out by the hotel maintenance department. All 
equipment was functioning and well maintained. Flame efficiency 
was good.
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1.10 Finance
Electricity was not submetered to this area and the gas usage 
was contained within a larger hotel figure. The energy costs 
were not known, either by the management or staff, although the 
hotel’s total gas usage could be related to the meals sold in a 
number of locations.
1.11 Special Characteristics
The energy usage was subordinate to the need for rapid response 
to customer orders. The kitchen had a high degree of cooking 
capacity in relation to the meals produced.
Only evening meals were served. The service time was lengthy 
with most equipment running continuously from 1600 hrs to 0100 
hrs.
2. Results
2.1 Energy Usage and Meal Production
Day Meals Gas
MJ
Electricity
MJ
Cost
Gas
£
Cost
Elec
£
Total
Cost
£
1 38 1,920 160 6.10 2.36 8.46
2 53 1,941 160 6.16 2.36 8.52
TOTAL 91 3,861 320 12.26 4.72 16.98
The costs are based on 1983 energy prices.
Electricity = 1.4722p per MJ 
Gas = 0.3175p per MJ
These figures do not include lighting, heating, dishwashing, 
hot water.
The energy cost per meal is thus: 18.66p.
The energy cost per kg of food produced and sold is 31.1 Op.
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As expected these figures are very high but they must be seen 
in the context of a meal selling at £20, £30 or much more.
It can be seen that 38 and 53 meals were produced for virtually 
the same energy cost. This is an indication of the 
underutilisation of continuously running equipment.
2.2 Wasteful Practices Observed
Equipment Wasteful Practice
Open Top Range Jets left running when not in use
No lids on pans
Solid Top Ranges No lids on pans, continuous
operation of 3 solid tops 
regardless of need
Grill (underfired griddle) Run continuously with little use
Salamanders " ” " " "
Fryer
2.3 Ouantity of Energy Wasted
At other units this has been estimated, but this kitchen is a 
special case.
If one accepts that the equipment must be kept continuously hot 
in case of need, then no savings are possible. Even if 50% of 
the energy could be saved and it probably could be, the saving 
would only be £3.50 per night which is a tiny amount in 
comparison with the food, labour and overhead costs of the 
unit. If such a saving led to one customer order being delayed 
then the cost in goodwill and repeat business could far 
outweigh the saving.
The equipment utilisation is set out below. During the study, 
regular observations were made and the equipment was classified 
as 'on running empty', 25, 50, 75 and 100% full. The table reveals 
the gross underuse of equipment.
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Equipment % of time 
running empty
% full
when running loaded
Bain marie 
Salamander 1 
2
Grill (griddle)
Solid Top 1 Top 
Oven
Solid Top 2 Top 
Oven
Solid Top 3 Top 
Oven
Open Top Range Top 
Oven
Fryer
12
92
85
79
48
(not used) 
21 
16 
33
(not used)
40
65
83
Range 12-92% 
Average 52%
44
100
25
33
30
40 
35
41
60
25
100
Range 25-100% 
Average 53%
(these are the lowest utilisation figures for the survey)
A subjective estimate is that a 25% saving in energy usage could 
be made merely by using less of the equipment, switching 
equipment off when not in use and delaying the start up of the 
equipment. The achievable saving could well be higher. Whether 
management would consider the saving worthwhile is another 
matter.
2.4 Energy Usage
The energy usage per area of operation per day is 
Area Energy
Usage MJ 
Storage 25
Preparation 54
Cooking 1,992
Service 21
(Heating, ventilation, lighting, dishwashing, hot water 
supplies not included.)
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Conclusions
The highest energy usage per meal value of all the field studies 
was recorded in this kitchen. A combination of low customer 
demand coupled with heavy duty equipment operated continuously 
produced the high figures. Nevertheless, the cost of energy is 
small compared with other operating costs and compared with the 
selling price of the food produced.
Equipment Details
Equipment Fuel Rating 
MJ/h 
( )=Est
Physical
Dimensions
Storage
Main Kitchen Fridge 
Foster Fridge 
Pastry Fridge
elec (1.5)
(1.8 )
(0.9)
4.2
7.6 m3 
0.9 m3 
0.45 m3
Preparation 
Scotsman Icemaker elec (18)
Cooking
Open Top Range
Solid Top 1
Solid Top 2
Solid Top 3
Salamander 1 
2
Bain marie
Fryer
Microwave
Top
Oven
Top
Oven
Top
Oven
Top
Oven
gas
elec
105
70
70
70
45
56
(42)
40
10
4 burner 
0.17 m3 
0.56 m= 
0.17 m3 
0.56 m^ 
0.17 m3 
0.56 m^ 
0.17 m3 
0.32 m= 
0.32 m= 
0.47 m'
(20 litre: 
0.02 m3
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Equipment Details (continued:
Equipment Fuel Rating Physical
MJ/h Dimensions
Est
Service
Hot Cupboard elec (7)
Utilities
Lighting - Kitchen " 10.4
Restaurant " (7.0)
Heating, ventilation, dishwashing equipment, hot water supplies 
not included.
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APPENDIX 1j
CASE STUDY J
Student Refectory - University 
Introduction
This unit was a student refectory operating on a self service basis.
A range of fresh and convenience foods were prepared both for 
immediate service and for storage with microwave re-constitution. It 
might be expected that the energy efficiency of such a unit would be 
high, since part of the food is bought in pre-cooked and pre-prepared.
The unit served lunch and dinner. The servery was divided into two; 
one half serving a standard range of budget items (hamburgers, eggs, 
chips, etc.), the other half serving meals from a limited choice menu.
Only a limited amount of individual electrical metering was possible, 
although the total gas and total electricity consumption figures were 
measured.
1. Operational Details
1.01 Nature of the Operation
A student catering operation with fresh, convenience and frozen 
food used. The meal numbers were predictable due to an on-site 
student body. Menu pricing was limited by the spending power of 
the customers.
1.02 Dates
The unit was studied on 3, 7, 9 and 11 March 1983.
1.03 Physical Size
Kitchen 145 m^ 401 m^
Dining room 296 m^ 819 m^
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1.04 Equipment - installed capacity
MJ/h
Storage 33.2
Preparation 5.3
Cooking 662.4
Service 315.8
Dishwashing, Utilities, not included.
1.05 Staffing
2 Restaurant managers 
5 Cooks
3 Female Kitchen assistants 
3 Male kitchen porters
1 Storeman/Porter 
1 Restaurant supervisor 
2-4 Waitresses
1.06 Meal Classification
Low budget meals were served with moderate meal choice. A 
variety of fresh and frozen ingredients, together with 
convenience foods was in use.
1.07 Quantities
Day Meal numbers Weights
____________________________________________ kg
1 294 117.6
2 136 54.4
3 299 119.6
4 266 106.4
Weights based on 0.4 kg per meal. Only lunch time service was 
studied.
1.08 Hours
Lunch service 0900-1430 hours (meal 1200-1400 hrs)
Evening meal 1430-1930 hours (meal 1700-1900 hrs)
Maximum demand 1230-1330 hours
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1.09 Maintenance
Carried out on a breakdown basis by the University Maintenance 
Department. The gas equipment was in urgent need of attention 
by a Gas Board fitter. The flames were burning yellow and were 
far too high, indeed the Atmospheric Steamer had large yellow 
flames licking up the back of the equipment. The equipment was 
all functioning.
1.10 Finance
The gas and electricity energy cost of the unit was known and 
was charged to the Catering Department by the Engineering 
Department. Hot water and steam were not measured but were 
apportioned on a pro-rata to users.
The Catering Department thus had a direct interest in the energy 
bill since catering was required to contribute to cost recovery 
within the University. However this interest did not produce a 
corresponding drive for economy. The kitchen operated in the 
same way as most other establishments studied, with equipment 
switched on too soon, left running too long, underloaded and so 
on.
This attitude was likely to change in the future since the 
University Catering Manager was interested in cost reduction.
1.11 Special Characteristics
Most of the cooking/re-constitution operations were short with 
much use of frying and microwave ovens. This ought to have had 
the effect of producing a low energy cost per meal figure.
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2. Results
2.1 Energy Usage and Meal Production
Date Meals Cooking
Gas
MJ
Cooking
Elec
MJ
Cost
Gas
£
Cost
Elec
£
Total
Cost
£
3 Mar 294 1,872 756 5.94 11 .13 17.07
7 Mar 136 1,182 799 3.75 11.76 15.51
9 Mar 299 1 ,478 767 4.69 11.29 15.98
11 Mar 266 1,182 698 3.75 10.28 14.03
TOTALS 995 5,714 3,020 62.59
Based on 1983 energy prices.
Electricity = 1.4722p per MJ
Gas = 0.3175p per MJ
This gives an average figure of 6.29p per meal and 15.73p per kg
which is not as low as would be expected.
(The figures include lighting but not dishwashing or hot water 
supplies).
2.2 Wasteful Practices Observed 
Equipment
Bartlett atmospheric steamer
Wasteful Practice
yellow flames licking up the
back of steamer
Boiling top huge yellow flames, large yellow 
pilot light burners left on when 
not in use
Convectors no automatic fan cut off, doors 
left open with fans on
Fryers 
Fish fryer
left on when not cooking
large pilot light
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Equipment Wasteful Practice
Gas fired Salamander 20% radiant elements missing, 
rarely used, on full 
continuously
Hot cupboards on 1 hour before needed 
excessive warm up time. Could 
have been switched off at 
1330 hours - not subsequently 
needed. Door left ajar on several 
occasions
Electric portable bain-maries base and lamps switched on at
0900, not loaded until 1145
Servery gas fired hot cupboard on at 0900 hours to warm plates for
1200 hours service. Door left 
partially open on several occasions,
However, a more serious area of waste concerns the under­
utilisation of equipment, partially loaded equipment being less 
efficient in energy terms. This was one of the better kitchens 
in this respect.
The figures over were obtained by classifying the equipment as 
running empty, 25, 50, 75 and 100% loaded at regular intervals.
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Equipment % of time 
running empty
% full when 
running loaded
Pressure steamers - 100
Atmospheric steamers 12 100
Boiling Top - 4 burner 40 48
Gas convector oven 1 17 30
2 24 55
3 21 80
Valentine fryer 13 50
Fish fryer 10 100
Salamander grill 83 81
Bratt pan 86 100
Microwave - 50
Top hot cupboard 19 59
Bottom hot cupboard 22 55
Portable bain-marie 1 57 67
2 44 89
Refrigerated cabinet 10 49
Gas hot cupboard - 55
Refrig. Display Unit 1 5 57
2 9 58
3 5 61
4 4 52
5 4 32
Bain-marie 53 88
Range 4-86% Range 30-100%
Average 23% Average 66%
2.3 Quantity of Energy Wasted
There was no sub-metering on the main energy consuming equipment 
in this kitchen.
Based on the malpractices noted it should be possible to save 
20% of the energy bill quite easily, merely by lighting up 
later, switching off earlier and by not running equipment when
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not in use. Attention to the flame efficiency in this kitchen 
could reduce the gas bill by 25% or perhaps more.
2.4 Energy Usage
No detailed breakdown of energy usage by area of operation can 
be made because of the lack of sub-metering.
3. Conclusions
There was a relatively small amount of individual equipment 
metering in this study, although bulk gas and electricity 
consumption figures were recorded. The overall energy usage per 
meal figure was higher than had been expected and the causes are 
probably poor equipment (gas flame) maintenance, underloading 
and other malpractices. For true comparability the lighting 
figure should also be subtracted.
4. Equipment Details
Equipment Fuel Rating
MJ/h
Physical
Capacity
Storage
Cabinet fridge 
Walk in fridge 
Walk in deep freeze 
Upright fridge 
Double upright fridge
elec
ft
It
It
II
(1.8 )
(13.0)
I
(1 .8 )
(3.6)
(33.2)
0.31 m3 
18.00 m3 
17.30 m3 
0.47 m3 
0.94 m3
Preparation 
Pedestal mixer 
Electric mixer
elec 4.3
(1.0 )
(5.3)
Cooking 
Creda toaster 
Bratt pan
elec (15.0)
18.0 0.64 m'
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Equipment Details (continued!
Equipment Fuel Rating
MJ/h
Physical
Capacity
Merrychef microwave 1 elec 15.8 0.02 m3
2 1 15.8
i 3 11 15.8
4 I 15.8
5 11 15.8
Salamander gas (30.0) 0.25 m"
Deep fat fryer I (30.0) 45 litre
Valentine fryer 1 elec 25.2 16 litre
» 2 1 25.2 1
3 II 25.2 1
4 II 25.2 1
t
Convector oven 1 gas (54.0) 0.17 m3
2 elec (54.0) 0.09 m3
3 II (54.0) 0.09 m3
> Boiling top 4 burner 11 (86.4)
Boiling top 2 burner 11 (43.2)
Atmospheric Steamer
Bartlett 
Pressure Steamer
11 (72.0) 0.16 m3
Market forge 1 elec 13.0
2
Service
11 (13.0)
(662.4)
Lowerator 1 elec 7.2
2 11 7.2
1 Tea/coffee machine 1 1 10.8
2 1 10.8
Juice display 1 II (1.8)
r 2
Jaffalux Juice
11 (1.8)
Display 1 II (1.8)
r 2 I (1.8)
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- - _______________________
Equipment Details (continued)
Equipment Fuel Rating
MJ/h
Physical
Capacity
Milk cooler 1
Hot cupboard Top
Bottom
Portable bain-marie 
3 lamps over
Refrigerated 
Display
Bain-marie 
6 lamps over
elec
I
gas
elec
I
elec
gas/elec
(1.8 )
(1.8 )
56.9
56.9
(1 0.0 )
(10.0 )
3.6
3.6
3.6
3.6
3.6
3.6
58.0
58.0
(315.8)
0.55 m= 
0.55 m"
0.51 m= 
0.51 m^  
0.53 m2 
0.53 m= 
0.53 m2 
0.53 m2
0.60 m2 
0.60 m2
Dishwater
Utilities 
Lights - Kitchen 
Lights - Restaurant
elec 3.7
19.1
Heating, hot water, extraction not included.
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APPENDIX 1m
CASE STUDY M
Large Hospital Catering Unit 
Introduction
The unit studied was a large hospital kitchen. The kitchen catered 
for both staff and patients on a round the clock seven day per week 
basis.
A feature of this unit was the large size of the kitchen, both in 
terms of equipment and especially in area. This was because the 
ultimate size of the hospital will be much larger. The kitchen was 
designed to accommodate extra equipment at a future date.
1 . Operational Details
1.01 Nature of the Operation
Both normal and diet meals were provided and the unit contained 
modern, large capacity equipment.
A Gannyraede conveyorised serving equipment system provided a hot 
meal service for patients. Both fresh and convenience foods 
were used. Breakfast, lunch and evening meals were provided and 
the unit operated continuously on a seven day per week basis.
Very high standards of cleanliness were observed in this 
kitchen.
1.02 Dates
Data obtained in July 1982 for gas consumption and meal 
production was used in conjunction with equipment utilisation 
figures obtained in March 1983, when direct observation over 3 
days was carried out.
1.03 Physical Size
Kitchen 1,026 m^ 3,750 m^
Staff Restaurant 457 m^  1,669 m^
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1.04 Installed Capacity - full list see 4
MJ/h
Storage 15
Preparation 31.3
Cooking 1,085.7
Service (inc gannymede) 346.8
Utilities 309.3
(Dishwashing, hot water supplies, heating, ventilation not 
included.)
1.05 Staffing
Kitchen 1 head chef)
1 chef ) X 2 shift
1 diet chef)
1 trainee ) single shift 
1 dishwasher )
1 pan wash
3 kitchen porters
Service 12 staff patients
4 full time staff restaurant 
7 part time " "
1 porter part time 
1 night cook
1.06 Meal Classification
The meals were mainly prepared from fresh ingredients although 
some convenience foods such as mashed potato powder were used. 
Rolls and croissants were fresh baked in the kitchen. A small
number of diet meals were produced in a separate diet kitchen.
1.07 Quantities
1.08 Hours
0600 - 2400 hrs intermittent operation 
Night meals to 0200 hrs 
Cleaning in shut down period
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1.09 Maintenance
Planned preventative maintenance was carried out by the hospital 
maintenance department.
The equipment was in good condition generally and all items of 
equipment functioning.
1.10 Finance
The cost of patient meals was closely controlled and the staff 
meals were subsidised. The catering staff were not aware of 
energy costs and the energy usage of the kitchen was not known 
until the study.
1.11 Special Characteristics
Patient meals are ordered in advance which assisted production 
planning and reduced wastage. Service through the Gannymede 
system was fast so that meals could be cooked to be ready at a 
precise time, then served, without the need to hold hot food for 
long periods.
The staff food was cheap and of high quality leading to a 
regular uptake. This again gave an orderly and efficient 
cooking/serving sequence. Food was held hot in Push Through 
Cupboards for staff.
A low energy cost per meal might be expected in this unit.
2. Results
2.1 Energy Usage and Meal Production
Only hot meals have been used in the calculations. The gas 
consumption only was metered. Values of electrical consumption 
have been calculated using comparable data from other locations.
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Actual figures obtained were:
p
Date Hot Meals Cooking
Gas
MJ
Cooking
Elec
MJ
Cost
Gas
£
Cost
Elec
£
Total
Cost
£
7.7.82 671 4,770 269 14.92 39.60 54.52
f 8.7.82 715 4,861 280 15.43 41.22 56.65
9.7.82 615 4,778 254 15.17 37.39 52.58
10.7.82 523 3,904 188 12.39 27.67 39.66
» 11.7.82 611 4,336 200 13.77 29.44 43.21
12.7.82 502 4,218 206 13.39 30.32 43.71
13.7.82 666 4,801 243 15.24 35.80 51 .04
*
Averages 615 4,524 234 341.37
The cost figures are based on 1983 energy price 
Electricity = 1.4?22p per MJ
Gas = 0.3175p per MJ
Total meals produced = 4,303
Total cost = £341.37
Cost per meal produced = 7.93p
Cost per kg = 19.83p
2.2 Wasteful Practices Observed 
Equipment 
Steamers (2)
Wasteful Practice
Defective door seals steam leakage 
Door not properly shut
Boiling pans (5) Run with lid open - contents 
boiling
Bratt pan Simmering lid open
Pressure boiling kettles (2) Run - lid open
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Equipment
Solid tops (2)
Wasteful Practice
Run full - pans simmering on
edges High radiant loss
underloaded
Salamander Left on empty
Convector oven
Non-convector oven
II II II
Run unloaded for long periods 
Left on doors open
Gannymede Bain Maries Need 15 minute warm up. 
Switched on 1 hour before 
service
In this and most other kitchens the main waste of energy lay in
a) Running the equipment unloaded
b) Running the equipment only partially loaded 
This is illustrated below:
Equipment % of time 
running empty
% utilisation 
running loaded
50Oven Diet Kitchen 
Range Top Diet Kitchen 
1 Burner on 
Steamer 
Boilers (5)
Bratt pan
Pressure kettles (2)
Fryer
Bain marie (Kitchen)
Solid Top (2)
" " (Hot Cupboard Under) 45
Salamander 80
Convector Oven 1 85
2 57
Non-convector Oven 1 69
2 64
Proving Oven 71
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71
73
16
25
64
56
80
100
63
50
85
50
55
57
46
60
100
52
93
75
2.5
Conclusions
Both the kitchen and the equipment were oversized in relation to 
the amount of food produced. The energy usage per meal figure 
is higher than comparable industrial caterers. The low energy 
per meal value expected because of the predictable demand was 
not realised. This could be because the equipment was 
underloaded and the kitchen was on semi-permanent standby for 
most of the twenty four hour period, producing very little for 
long periods of time.
Equipment Details
Equipment Fuel Rating
MJ/h
Physical
Dimensions
Storage
Chest Freezer ) 
Refrigerator ) 
Other Storage )
elec 15)
Prep
Mincer elec
Mixer 1 "
2 Floor "
3 Crypto-table "
Slicer 1 "
2 "
2 burner boiling table gas
(1.6)
(1.4)
(1.4) 
(2.7) 
(1 .0 ) 
(1 .0 )
(21 ) 
(31.3)
Cooking 
Diet Kitchen 
Salamander 
Range Top 
Oven
gas 50.6
117.1
0.26 m^
6 burner 
0.24 m^
Main Kitchen 
Atmos. Steamer 1 
2
gas 69.6
69.6
0.21 m3 
0.21 m3
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Equipment Details (continued)
Equipment Fuel Rating
MJ/h
Physical
Dimensions
Boilers 1 
2 
3
Bratt pan 
Boilers 1 
2
Pressurised Boiling 
Kettles 1 
2
Solid Top 1 Top 
Oven 
2 Top 
Oven
Salamander 
Convector 1 
2
Oven
Non-Convector 1
If 11 o
Proving Oven 
Bain Marie
gas
elec
gas
elec
I
gas
gas/elec
gas
I
I
69 • 6 
69.6
69.6 
36)
69.6 
69 .6
39.6
39.6
50.6
63 
63 
(30) 
21 .0 
1,085.7
0.21 m3 
0.21 m3 
0.21 m3 
0.08 m3 
0.21 m3 
0.21 m3
45 litre 
45 litre 
0.47 m" 
0.27 m3 
0.47 m= 
0.27 m3 
0.26 m= 
0.21 m= 
0.21 m=
0.16 m3 
0.16 m3 
0.43 m3 
0.93 m=
Service 
Hot Cupboard 
(Pass Through)
II II
Bain Marie
Lowerator
gas
It
elec/gas
elec
21 . 0  
21 .0
24.7
24.7
24.7
24.7
24.7
3.6
3.6
0.52 m3 
0.52 m3
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Equipment Details (continued!
Equipment Fuel Rating
MJ/h
Physical
Dimensions
Lowerator 
Tea Equipment 
Coffee " 
Salamander 
Lowerator
)boiler 
)
4
5
6 
7
elec
gas
elec
t
It
3.6
105.5
105.5 
50.6
3.6
3.6
3.6
3.6 
346.8
0.26 m^
Dishwashing 
Hobart FTE 25D 22.93
Utilities 
Extraction 
Lighting Kitchen
Restaurant 
Gannymede Conveyor 
excluding water supplies
elec 133.2
20.2
(40.0)
115-92
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APPENDIX 2
FIELD STUDY RECORD SHEET LOCATION; CANTEEN KITCHEN
DATE: 3 MAR 1983
CASE STUDY A EQUIPMENT: SOLID TOP RANGE
FUEL: GAS
UTILISATION %
TIME METER TOP BOTTOM FOOD COMMENTS
0730 3770 25 - SOUP TOP ONLY IN USE
0755 3800 25 - I
0815 3830 25 II
0837 3880 25 "" II
0905 3890 25 0 I OVEN WARM UP 0%
0935 3950 50 0 POTATOES/ 
SAUCE TOP
II II II I
0953 3990 50 0 I II II II I
1016 4000 50 0 I II II II I
1037 4050 75 25 POTATOES + 
CARROTS TOP
I II I I
1105 4120 75 25 (PORK CHOP- 
LETTES 
BOTTOM)
OVEN NOW USED
1126 4170 75 25
1150 4190 100 0 TOP - PLUS 
CUSTARD
1215 4230 100 0 II
1230 4300 75 50 POTS/CARROTS 
TOP
1255 4340 75 50 TURKEYS
BOTTOM
1322 4370 50 50 II
1355 4400 0 50 I TOP ON - EMPTY
1433 4420 0 50 I I II I
NOTES Long
Left
warm up 
on empty
period - check? Why?
Flame O.K.
Pan Movement used to control heat input. 
High energy user - underutilised.
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ANALYSIS SHEET APPENDIX 3
UNIT: CASE STUDY A
EQUIPMENT: MIDDLE ATMOS. STEAMER ENERGY SOURCE: GAS
LOCATION: MAIN KITCHEN
DATE 15 DEC 82 20 DEC 82 21 DEC 82 10 JAN 83
TIME MJ
%
UTIL MJ
%
UTIL MJ
%
UTIL MJ
%
UTIL
0730-0830 - - - - - 9.85 0
0830-0930 9.85 0 - - 19.70 50 9.85 0
0930-1030 9.85 50 19.70 25 9.85 75 19.70 50
1030-1130 9.85 50 19.70 50 19.70 75 0 50
1130-1230 19.70 75 9.85 50 19.70 50 9.85 0
1230-1330 9.85 0 9.85 50 19.70 - - OFF
1330-1430 - OFF 19.70 25 - OFF - OFF
WASTEFUL PRACTICE OBSERVED NUMBER OF 
OCCASIONS
% OF TOTAL 
OBSERVATIONS
1 . Long warm up period - steamer
empty 10 Jan 1982 -
2. On doors open 4 8
3. Underloaded most occasions see above
4. Slightly defective door seal -
some steam escape ALL 100
COMMENTS Used for trays of baked beans - foil covered plus sponge 
puddings. Used for boiled potatoes - staff insist that 
they mash better, although it is a slow (1 hour) process. 
Convenient because timing is not critical and overcooking 
does not normally take place.
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APPENDIX 4
ENERGY USAGE PER MEAL BY LOCATION
Meals per Day Preparation Cooking Service Total Energy Per
Case Study Meal
High Low Mean MJ/Day MJ/Day MJ/Day MJ/Day MJ
A 1,086 1,039 1,071 7 3,500 368 3,875 3.62
B [1] 3.000 750 2.143 - - - 13,004 6.07
C 283 239 265 2 939 382 1,323 4.99
D 122 56 91 1 741 20 762 8.37
E [2] - - 190 “ 600 102 702 3.70
F 58 52 55 - 131 121 252 4.58
G 280 255 267 36 440 104 580 2.17
H 299 253 273 4 1,035 143 1,182 4.32
I 53 38 46 54 1,992 21 2,067 44.94
J 299 136 249 21 1,404 670 2,095 8.41
K - - 230 23 1,920 221 2,164 9.41
L - - 248 53 4,791 156 5,000 20.16
M 715 502 615 95 3,473 1,142 4,710 7.66
TOTALS 5,743 296 20,966 3,450 37,716 [3]
[1] No detailed metering of preparation, cooking and service was
available nor would it have been appropriate in this 
continuous process fast food outlet.
[2] A staff canteen where no records were kept of meals produced 
or sold on a daily basis. The figure of meals produced per 
day was estimated.
[3] The figures differ slightly from the figures contained in 
the Case Study Reports (Appendices la to 1m). The above 
figures have been placed on a common basis to enable 
comparisons to be made.
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ENERGY CONSUMPTION BY EQUIPMENT TYPE
APPENDIX 5
Equipment Type Running
Time
Total
Energy
Energy
Consumption
hrs MJ MJ/h
Bain-Marie (Kitchen) 71 876 12.34
Bain-Marie (Servery) 109 880 8.07
Boilers (Direct Fired) 40 1,999 49.98
Boilers (Jacketed Kettles) 337 1,415 4.20
Boiling Tables 30 857 28.57
Bratt Pans 43 1,071 24.91
Fryers (Deep Fat) 159 4,056 25.51
Hot Cupboards 265 2,041 7.70
Ovens (Normal and Forced
Convection) 220 6,907 31 .40
Ranges (Open Top) 66 1,730 26.21
Ranges (Solid Top) 117 9,086 77.67
Salamanders 78 2,670 34.23
Steamers (Atmos and H.P.) 156 1,730 11.10
35,318
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THERMAL LOADING BY EQUIPMENT CATEGORY
APPENDIX 6
Equipment Type
Thermal
Lowest
Recorded
%
Load
Highest
Recorded
%
Bain-marie (Kitchen) 28 31
Bain-marie (Servery) 17 21
Boilers (Direct Fired) 29 80
Boilers (Jacketed Kettles) 58 58
Boiling Tables 25 25
Bratt Pans 41 41
Fryers (Deep Fat) 12 35
Hot Cupboards 25 80
Ovens (Normal and Forced Convection) 26 [1] 38 [2]
Ranges (Open Top) 19 57
Ranges (Solid Top) 40 [3] 60 [4]
Salamanders 60 94
Steamers (Atmos, and HP) 31 66
[1] Electric Ovens
[2] Gas Ovens
[3] Top Only Operated
[4] Top and Bottom Operated
When the lowest and highest figures are equal, only one metered 
calculation could be made.
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APPENDIX 7
EQUIPMENT UTILISATION - TOTAL HOURS AND NUMBER OF OBSERVATIONS MADE
Equipment
Time
Observed
hrs
Observatiions
Made
Bain-Marie (Kitchen) 71 136
Bain-Marie (Servery)* 66 240
Boilers (Direct Fired) 42 88
Boilers (Jacketed Kettles) 72 168
Boiling Tables 37 109
Bratt Pans 38 88
Fryers (Deep Fat) 163 369
Hot Cupboards 168 342
Ovens (Normal and Forced Convection!) 217 412
Ranges (Open Top) - Top 56 137
I II IT Oven 19 26
Ranges (Solid Top) - Top 175 359
" ” " Oven 79 154
Salamanders 62 133
Steamers (Atmos, and H.P.) 103 208
2,969
* Bain-Marie only, i.e. the heated food compartments , not the hot
lamps over nor the hot cupboards under, which were mostly used
for crockery,
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APPENDIX 8
EQUIPMENT UTILISATION - NUMBER OF OBSERVATIONS BY UTILISATION
CATEGORY
Equipment On
Empty
Number
25%
of Observations 
50% 75% 1 00%
Bain-Marie (Kitchen) 22 51 39 17 7
Bain-Marie (Servery) [1] 121 34 26 9 50
Boilers (Direct Fired) - 21 41 14 12
Boilers (Jacketed Kettles) 8 63 39 13 45
Boiling Tables [2] 27 S E E B E L 0 W
Bratt Pans 40 2 16 11 19
Fryers (Deep Fat) 237 7 18 14 93
Hot Cupboards 86 88 104 28 36
Ovens (Normal and Forced
Convection) 134 67 86 47 78
Ranges (Open Top) - Top [3] 47 S E E B E L 0 W
” " " - Oven 13 9 2 - 2
Ranges (Solid Top) - Top 106 110 68 57 18
” " Oven 78 38 20 2 16
Salamanders 103 6 1 - 23
Steamers (Atmos, and H.P.) 56 34 45 12 61
[1]
[2]
Food containers only 
Boiling Tables
[3] Ranges (Open Top)
not overhead lamps - not hot cupboards 
below.
cannot be classified in this way. A 
total of 109 observations were made of 
gas rings lit with pans in situ. On 
27 occasions rings were lit with no pan 
in place.
Tops - As [2]. A total of 137 
observations were made of gas rings lit 
with pans in situ. On 47 occasions 
rings were lit with no pan in place.
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APPENDIX 9
EQUIPMENT UTILISATION - PERCENTAGE OCCURRENCE OF EACH UTILISATION
CATEGORY
Equipment
Percentage
on
Empty 25
of each 
50
Category 
75 100
Average
Utilisation
%
Bain-Marie (Kitchen) 15 38 29 13 5 29
Bain-Marie (Servery) [1] 50 . 14 11 4 21 33
Boilers (Direct Fired) - 23 47 16 14 55
Boilers (Jacketed Kettles) 4 38 23 8 27 54
Boiling Tables [2] 20 S E E B ]S L 0 W
Bratt Pans 46 2 18 13 22 41
Fryers (Deep Fat) 64 2 5 4 25 31
Hot Cupboards 25 26 30 8 11 38
Ovens (Normal and Forced
Convection) 33 16 21 11 19 42
Ranges (Open Top)-Top [3] 26 S E E B E L 0 W
" " -Oven 50 35 7 - 8 20
Ranges (Solid Top)- Top 29 31 19 16 5 26
" ” - Oven 51 25 13 1 10 24
Salamanders 77 5 1 - 17 19
Steamers (Atmos, and H.P.) 27 16 22 6 29 49
36 [4]
[1] Food Containers only - not overhead lamps - not hot cupboards -
below.
[2] Boiling Tables - cannot be classified in this way.
Burners were lit with no pans in situ 
for 25% of the time the equipment was 
operated.
[3] Ranges (Open Top)- Tops - As 2 burners were lit with no pans in
situ for 26% of the time the equipment 
was operated.
[4] Weighted Average (Median Value = 32%)
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APPENDIX 10
RUNNING EMPTY LOSSES AS A PROPORTION OF TOTAL ENERGY PER DAY
Case Study Running
Empty
%
Total
Energy
Used/Day
MJ
Running
Empty
Energy
MJ
A 33 3,911 1,291
C 36 1 ,479 532
E 56 713 399
F 5 175 9
G 43 594 255
H 32 1,190 381
I 52 2,092 1,088
J 23 2,160 497
M 59 4,758 2,807
TOTALS 17,072 7,259
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RUNNING EMPTY PERCENTAGES BY EQUIPMENT CATEGORY
APPENDIX 11
Equipment
Running
Empty
Observations
Total
Observations
Running
Empty
%
Accuracy
Limit
%
Bain-marie (Kitchen) 22 136 16 6.0
Bain-marie (Servery) 121 240 50 6.5
Boilers (Direct Fired) - 88 - -
Boilers (Jacketed Kettles) 8 168 5 3.4
Boiling Tables S E E  B E L 0 W
Bratt Pans 40 88 46 10.8
Fryers (Deep Fat) 237 369 64 5.0
Hot Cupboards 86 342 25 4.7
Ovens (Normal and Forced 
Convection) 134 412 33 4.6
Ranges (Open Top) - Top S E E  B E L 0 W
1 II II _ Oven 13 26 50 19.6
Ranges (Solid Top) - Top 106 359 30 4.8
II II II - Oven 78 154 51 8.1
Salamanders 103 133 77 7.3
Steamers (Atmos, and HP) 56 208 27 6.2
Burner On 
Unoccupied
Total * 
Burner
Running
Empty
Accuracy
Limit
Equipment
Occasions Occasions % %
Boiling Tables 27 109 25 8.3
Ranges (Open Top) - Top 47 137 34 8.1
TOTALS 1 ,078 2,969 36.31 3.5
* Each time a burner was observed lit it was recorded as a burner
occasion and noted as occupied or unoccupied.
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APPENDIX 12
RUNNING EMPTY AND EQUIPMENT UTILISATION BY LOCATION
Case Study
Running * 
Empty 
%
Equipment ** 
Utilisation 
%
A 33 56
C 36 68
E 56 68
F 5 78
G 43 72
H 32 46
I 52 53
J 23 66
M 59 69
* Running empty but as expressed as a percentage of total time
the equipment was operated.
** Fullness of the equipment averaged for the unit.
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APPENDIX 13
EFFICIENCY AND LOAD - ELECTRIC CONVECTION OVEN
MJ/kg
3.0
2.0
1 . 0
100% load
% Load 
MJ/kg
23.2
2.35
28.5 
1 .9 6
47.7 
1.69
49.3
1.65
99.5
0.96
100
0.93
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APPENDIX 14
EFFICIENCY AND LOAD - FRYER CONTAINING OIL
MJ/kg
12
10
100% load
% load 21 .7 21.7 39.6 40.4 89.1 91 .7 100
MJ/kg 12.10 11.67 6.41 6.58 3.44 3.24 2.63
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APPENDIX 15
EFFICIENCY AND LOAD - SALAMANDER GRILL
MJ/kg
100% load
It was found that cooking the food made no difference to the amount 
of energy consumed. A theoretical graph is shown above.
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APPENDIX 16
ENERGY USED IN HEATING WATER : LID ON - LID OFF COMPARISONS
State Water Temp Mean Power Water Loss
°C MJ g/hr
40 54 0.75
60 216 2.25
80 324 3.00
LID ON 90 324 3.00
95 540 4.50
100 6,984 1,800
40 162 24
60 648 97
80 1,296 240
LID OFF 90 2,106 430
95 2,322 546
100 6,948 1,790
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ENERGY USED BY EQUIPMENT TYPE AND FUEL USED
APPENDIX 17
Gas Electricity Total
Equipment Type MJ MJ MJ
Bain-marie (Kitchen) 876 - 876
Bain-marie (Servery) - 880 880
Boilers (Direct Fired) 1 ,912 87 1,999
Boilers (Jacketed Kettles) 850 565 1,415
Boiling Tables 857 — 857
Bratt Pans 1 ,024 47 1 ,071
Fryers (Deep Fat) 3,941 115 4,056
Hot Cupboards 1,919 122 2,041
Ovens (Normal and Forced 
Convection) 6,422 485 6,907
Ranges (Open Top) 1 ,730 - 1 ,730
Ranges (Solid Top) 8,391 695 9,086
Salamanders 2,616 54 2,670
Steamers (Atmos and HP) 1,687 43 1,730
TOTALS 32,225 3,093 35,318
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